A study of the burrowing sandprawn Callianassa kraussi Stebbing (Crustacea - Decapoda - Thalassinidea) by Forbes, Anthony Tonks
A STUDY OF THE BURROWING 
SANDPRAWN CALLIANASSA KRAUSSI STEBIlING 
(CRUSTACEA DECAPODA THALASSINIDEA) 
Thesis 
Submitted for the Degree of 
DOCTOR OF PHILOSOPHY 
of Rhodes Univ~.rsity 
by 
ANTHONY TONKS FORBES 
November, 1973. 
ii 
CONTJ::NTS 
INTRODUCTION 
PART I 
DISTRIBUTION OF CALLIANASSA KRAUSS I IN 
SOUTHERN AFRICA . 
a) General observations 
b) S e l ection of study are as 
c) The n ature of the burrow and its signif i cance in the 
distribution of Callianassa kraussi 
PART II 
THE 
Result s 
LIFE CYCLE OF CALLIANASSA KRAUSS I 
1) Breeding . Salinity and t emperature effects on 
Callianassa kraussi 
2) Larval biology and dispersal 
3 ) Recruitment, g rowth and population density in different 
areas 
PART III 
OSNOTIC, IONIC 
PART IV 
CONSERVATION 
DISCUSSION 
SUNNARY 
. ACKNOWLJlDGEt1ENTS 
REFERENCES 
APPENDIX 1 
APPENDIX 2 
AND VOLUHE REGULATION 
1 
Page 
1 
4 
4 
10 
35 
41 
55 
61 
88 
131 
137 
148 
151 
152 
161 
164 
1 
INTRODUCTION 
Estuarine studies in southern Africa have attained increasing 
importance in recent years for a number of reaSons. Biologically 
they are rich areas having both a resident fauna and also providing 
feeding grounds and nurseries for many marine species. From a human 
point of view they are significant because of their roles in the life 
cycles of economically important fish and crustacea and because of their 
use for r ecreational purposes. At the same time they are vulnerable to 
over- exploitation of their resources, to uncontrolled development and 
to pollution. 
Inves tigation of estuaries in southern Africa was begun about 25 
years ago by the Zoology Deparbnent of the University of Cape Town und er 
Professor J.H. Day who in 1951 pr oduced a rev i ew of conditions prevailing 
in southern African es tuari es . More detailed studies follow ed and 
thes e surveys eventually covered the area from the Orange River between 
the Cape Province and South-Hest Africa (Brown, 1959) around the south 
and east coasts as far as Morrumbene estuary in l10cambique (Day, 1973). 
These studies included non-estuarine areas of sheltered water, of which 
the most important Here Langebaan Lagoon (Day , 1958) and Durban Bay 
(Day & Morgans , 1956). Invaluable i nformation was gained on the types 
of estuaries, the conditions in different areas and the variations and 
geographical range of the fauna. 
In r ecent years studies have tended to become more specific and 
have concentrated on the biology of certain species or groups of species. 
One of the most important of these groups in our estuaries, in tenus of 
both numbers and biomass are the burr owers. These consist mainly of 
thalassinid prawns, follo,red to a very much les ser degree by the 
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bivalves (McLachlan 1973). The thalassinid prawns are extremely 
abundant. There are two common species, Upogebia africana studied by 
Hill (1968, 1971a, 1971b) and the equally abundant Callianassa kraussi. 
Q.kraussi is a familiar species in those areas where it occurs due 
to its popularity as bait among fishermen and is kn~Nn by a variety of 
names in the different areas ranging from "wit kapper" in the southern 
Cape Province, "sand prawn" in the south-eastern and eastern Cape to 
"cracker" in the Transkei and Natal and flkafoof" in Mocambique. 
Despite this widespread distribution and familiarity, biological 
information was restricted to comments and occasional records in the 
general estuarine surveys menti oned above and further investigations of 
this species was jus tified for a number of reasons • 
.Q.kraussi i s a member of a world-wide genus which apparently only 
occurs in large numbers in South Africa and on the eastern coast ~f 
Australia (Hailstone & Stephenson 1961). The abundance of C.kraussi 
in South Africa thus provided an opportunity to contribute to knowledge 
of a little known. group. Basic biological information on features such 
as distribution , denSities, breeding and growth and the factors affecting 
these features would ultimately also be of importance in an assessment 
of the role of these prawns in estuaries. 
As might be expected, .Q.kraussi is also little known physiologically, 
a feature it shares with most other species in the genus. General 
reviews have considered this species an osmoconformer although possessing 
some tolerance to l ow salinities. The on ly physiological studies are 
those of Thompson & Pritchard (1969) on the Californian C.californiensis 
and the New Zealand .Q.filholi "'hich confirmed the above assumption. 
The distribution of .Q.kraussi in southern African estuaries however 
\ 
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and the wide range of salinities over which it was found indicated a 
marked degree of euryhalinity (Day 1951) and it was therefore decided 
to investigate the physiological basis of this ability. 
f.kraussi was known to occur in both conventional open and in the 
peculiar closed estuaries which are a feature of much of the South African 
coast. These closed estuaries are isolated from the sea for varying 
periods by sand-bars across their mouths. Unlike .1l .africana, .Q.kraus s i 
is capable of surviving in these closed estuaries and it was hoped to 
clarify the means by which C.kraussi is ab l e to survive under these 
conditions and also the effects of long term isolation from the sea. 
Biological studies were also related to a second aspect of this 
species in southern Africa, viz. its recent increasing importance as a 
bait species for anglers. This aspect had come to the attention of the 
Department of Nature Conservation of the Cape Province of South Africa 
and regulations were promulgated to control collection of .Q.kraussi. 
These regulati ons and restrictions however were not based on any detailed 
knowledge of the biology of this species and consequently many of the 
observations and investigations made during this study were directed 
towards an assessment of existing bait regulati ons and the framing of 
adequate measures for conserving this species. 
The scope of this investigation was thus necessarily broad, 
i ncluding aspects of distribution, the life cycle, physiology and 
cons ervation. 
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PART I 
DISTRIBUTION OF CALLIANASSA KRAUSSI IN SOUTHERN AFRICA 
A. General observations. 
Barnard (1950) recorded the presence of £.kraussi in 15 localities 
along the southern African coast from Saldanha Bay on the west to Kosi 
Bay in northern Natal (Fig. 1). Day (1969) extended the known range of 
this species to Lamberts Bay on the wes t coast and Inhaca Island off 
Lourenco Marques in Mozambique. These published records show that 
C.kraussi occurs most commonly in estuaries but that it is also found 
in sheltered bays such as Langebaan, False Bay and Durban Bay. 
During the course of the present survey as many areas as possible 
along the southern African coast were visited and the presence or absence 
of C.kraussi recorded. This clarified the general distribution of the 
species and also estab~ished distribution patterns within the areas from 
which it had been recorded. It also allowed comparison of different 
habi tats and of features such as population structure and breeding. 
Methods 
During the survey 59 areas were visited and records obtained , both 
published and unpublished, for an additional 16 areas. A full list of 
all the areas is given in Appendix 1. Samples of C.krauss i were 
collected using a prawn pump, an instrument similar to that described 
by Hailstone & Stephenson (1961). This instrument is commonly used in 
South Africa for collection of this species by angler. for use as bait. 
Notes were made on the nature of the habitat, i.e. bays or estuaries 
Figure 1. Map of southern Africa showing places referred to in text. 
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and whether the estuary >1as open to the sea or closed off by a sand-bar, 
the type of substrate and amount of shelter from waves and tidal 
currents. Temperatures were measured using a mercury in glass 
thermometer. Salinities were first determined by chloride titration 
using an American Instruments Co., Automatic Chloride Titrator and 
subsequently with an American Optical Co. Optical Salinometer. Oxygen 
records from Swartvlei estuary were obtained from Robarts (1973). 
Results 
The survey extended the known range of Q.kraussi north>1ards on the 
east coast as far as San Hartinho in Mozambique (Fig. 1) but was mainly 
of value in indicating the type of conditions under which C .kraussi 
occurred. This led to experimental investigations ,of some of the factors 
apparently affecting the distribution of thi s sp2cies. 
Several important points emerged from the survey. The most obvious 
feature was that C .kraussi is predominantly a species of sheltered water 
away frOOl wave acti on. The areas where C .kraussi '\o7as recorded or 
collected in this or other studies were mainly estuaries , both open 'and 
closed , or else very she l tered bays such as Durban Bay or Langebaan 
Lagoon. Unpublished records fr om the Uni versi ty of Cape Town shm' that 
C.kraussi occurs in the sea in La;nberts Hay and False Day. In the 
present survey C .kr.aussi was also obtained in Algoa Bay at. depthS dmvn 
to 9 m. Very HUl e is known of these populations excep t that all 
records ar e froia. beyond the surf zone i.ndicating a tendency to avoid 
areas of strong \Hlter movement. Althoug h depths \"ollid thus not appear 
t o be an innnc diately limiting factor in estuarie s it \oras found that the 
numbers of. burrlJws decreased at depthS g r e;lter then 6 m "in SHartvlci " 
lake (Figs 1 and 2) and \,'ere absent bey ond 8 r.l. · These depths in 
1 km 
Figure 2. 
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- -----
Swartvlei were associated with a marked decrease in the oxygen tension 
as shown in Fig. 3, suggesting that low oxygen can be limiting. It 
is also apparent that C.kraussi is not dependent on access to the sea. 
Mouth 
Estuaries which h ad been closed for 2-3 years stil l had large populations 
of this s pecies. 
The survey also showe d that ~.krau~si is extremely tolerant of a 
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Figure 3. Decrease in oxygen concentration with depth 
in Swartvlei lake, from Robarts, 1973. 
variety of physical condit ions , occurring over a wide range of 
temperatures.) saliniti.es and substrates . Records shm'led that 
populations in the West Kleinemonde estuary (Fig. 1) tolerated an annual 
o 
temperature range of 14-26 C. Winter inshore temperatures on the. west 
coast drop to 9_10oC (Day 1958) while sumner temperatures in estuaries 
on the northern Natal and Hozrunbique coasts re ach over 30oe. 
Comparison with results from the tvest K1Ginemondc and Swartkops 
estuaries indicate.d that extrem~ transient surface temperatures in both 
aJ ... -eas would be model:ated by th e. 5ubsi:'.CFltC. 
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Salinities recorde d f rom ar eas i nhabited by ~.kraussi indicated a 
marke d degree of euryhalinity. C.kraus s i was found in salinities 
o 
varying from sea water (35 /00) in bays and the lower reaches of estuaries 
down to 6_7%0 in Swartvlei lake (Fig. 2) and 1% 0 in the upp er reaches 
of the Keurbooms estuary (Fig. 1). These results suggest that low 
salinities do not inhibit the spread of ~.kraussi up estuari es . 
In addition C.kraussi was able to survive in a variety of 
substrates and was found burrowing in substrates ranging from clean sand 
through muddy sand to mud silt and clay . 
The above observations ~ndicate a wide degree of tolerance to a 
variety of estuarine conditions. It was noticeable however that 
~.krau ssi rarely occur~ed in similar numbers throughout an estuary. 
Thus in the closed Kleinemonde es tuary the numbers decreased marked ly 
near the sand bar. In Swartvlei es tuary the numbers of C.kraussi 
decreased steadily as one moved into the lake away from its connection 
with the sea (Fig. 2). In addition ~.kr auss i app ear ed to be excluded 
from areas occupied by another common burrowing southern African 
thalassinid Up~~eb~~ africana. This is an extremely abundant species 
(Hill, 1968) found in most open southern African estuaries. Both 
species burrow into mudbanks but mixed populations are extremely rare 
(Macnae , 1957, Millard & Scott, 1953). These apparent anomalies in 
distribut ion sugges t e d that a vari ety of factors affect the di stribution 
and abundance of ~.kraussi in southern Africa. It was not possible to 
investigate all these factor s and it "las decided to concentrate on the 
effects and mode of action of subs t rates and currents, salinity and 
temperature on the species. 
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B. Selection of study areas. 
Three areaS were selected for detailed investigation. These were 
the west Kleinemonde, Swartkops and Swartvlei es tuarine systems (Fig. 1). 
The fir s t two are on the south-eastern Cape coast (Fig. 4a) and are 
shown in more detail in Figs 4b and 4c. The west Kleinemonde estuary 
is an example of a closed estuary. Closed es tuari es are v ery cammon 
on the south-eastern and eastern coasts of southern Africa. The lower 
reach es of the west Kleinemonde are wide and shallow with a maximum 
depth of 2 m. On the seaward side of the bridge the bot tom i s mainly 
sandy but upstream of the bridge the substrate becomes muddier. Further 
upstream the river narrows and the banks become steeper while the depth 
increases to 3-4 m. The limit of marine influence is at a weir 5 km 
from the mouth. The catchment is small and lies in an area of erratic 
rainfall where long dry periods are punctuated by heavy ~ownpours. 
These floods fill the river and it may then break out through the bar. 
This occllr r ed in August 1970 and the mouth remained open until October 
1970. It opened intermittently again over the period July-November 
1971 after which it remained c l osed for the rest of the survey period 
(end of 1973). Closure of the mouth is due to the small tidal exchange, 
a usually small inflow of fresh water and the ons hore winds which cause 
extensive sand movement and eventually block off the mouth. Some water 
occasionally enters from the sea lolhen storm winds fl ~tten the dunes 
across the bar and waves wash over at high tide. The Swartkops estuary 
is a large pe rmanently open estuary near Port Elizabeth. It has been 
described in detail. by Macnae (1957). The area around the mouth and 
immediately above the bridge is sandy but Lhen becomes more muddy. 
The l ower section has oxtensive mild flats and salt marshes but upstream 
becomes narrower and muddier with steeper banks . A causeway about 
16 k:n from the mouth is the limit of tidal influe.nce. 
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These two areas were chosen as they were both in reasonable 
proximity to the laboratory, both were known to have large populations 
of ~.kraussi and it was hoped that sampling of an open and a closed 
estuary would show up any possible effects of isolation from the sea on 
this species. Sampling in the Kleinemonde River was done in the ar ea 
below the bridge (Fig. 4b) and especially in the shallow water near the 
sand bar at the closed off mouth. In the Swartkops estuary sampling 
was done in an area known as the "Blue Lagoon" near the mouth (Fig. 4c). 
The third sampling area was in the Swartvlei lake system on the southern 
Cape coast (Figs 1 and 2). This system differs from the other two 
estuaries in consisting of a 12 metre deep lake connected to the sea by 
a 1-2 m deep channel. Swartvlei was of interest because C.kraussi 
. occurred throughout the channel leading into the lake but only had a 
limited distribution within the lake itself. The three sampling areas 
chosen to cover the salinity gradient in the syst6U are shown by ~umerals 
on Fig. 2. Records dating from 1969 showed that the mout h could close 
at any time. This was usually followed by a gradual rise in the level 
of the lake over a period of months until the mouth burst out or was 
opened artificially to prevent flooding of low lying farmlands . The 
rise in the level was accompani e d by a drop in salinities. The area 
thus provided information on a population of C.kraussi in a system where 
o the salinity varied and in the main lake "as frequently as low as 5-7 /00 
for 3-4 months at a time. Unfortunately this area was 450 km from the 
laboratory and thus could be visited only at two-monthly intervals. 
Special investigations were carried out at another open estuary, 
Knysna (Fig. 1. and Fig. 5) whi ch is al s o on the south coast . These 
areas offered an almost complete range of the type of habitat under 
which C.kraus s i was encountered and it was hoped that this would give 
an ind ic ation of the response of this spe cies to differ ent conditions. 
Figure 5. 
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speeds ~.,ere measured or s1Jbstrate samples taken. 
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C. The nature of the burrow and its significance in the distribution 
of C .kraussi. 
I~ has already been pOinted out that C.kraussi lives in burrows 
which are usually the first indication of the presence in an area of 
this species. These structures play an extremely important part in 
the biology of burrowing prawns and the suitability of areas for burrow 
constructi on wi ll be an important factor in determining the distribution 
of this species. Investigations of the burrow and burrowing were 
begun with studies of the nature of the burrow system in different areas. 
A more detailed investigation was then carried out into the effects of 
currents and s.ubstrates on the distribution of C .kraussi in estuaries. 
Methods 
Di.gging and burrrn·! construction ~.,as observed in specimens kept in 
aquaria in the laboratory. In the field burrow distribution was noted 
and counts made using a metal frame 0.5 m square . Holes were cot!ntcd 
in the west Kleinemonde estuary in the lagoon area below the bridge. 
In the Knysna estuary counts were made using SCUBA along a transect 
31,5 m long at points 1,5 m apar t and extending from 0,3 minto 1,8 m 
of water (Area 4 in Fig. 5). In Algoa Bay counts were done off a sandy 
beach using SCUBA from just beyond the surf zone at depth s of 3, 5, 6 
and 8 m. These three areas provided examples of a closed estuary, an 
open estuary and the open sea. The number of openi.ngs to a burrmv 
system was determined by placing the pra;m pump over an entrance to a 
burrow and gently depressing the plunger . The number of burrows through 
which wat er was expelled was then counted. The depth and form of 
burrows was investigated using a technique developed by Shinn (1968) 
and subsequently used by Farrow (1971) on Aldabra a.1d by Rice & Chapman 
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burrowing decapods. The method involves pouring polyester r esin into 
the burrows and all owing it to set before digging it up again. 
found be s t to leave the cast to harden over a full tidal cycle. 
Exposur e to wat er does not prevent hardening. 
It was 
Substrat e samples for analysis were taken in a number of areas 
inhabited by ~.kraussi especially where the substrate appeared unusually 
fine or coarse as \\'el1 as in areas from which .Q.kr auss i was absent. 
Part icle size analys es wer e carried out using the method described by 
Morgans (1956). Four sets of r esults were obtained from Wooldridge 
(1968 ) and from Hill (pers.comm.). In addition, the volume of silt 
was determined. using a method described by Phillips (1971). Current 
speeds wer e measured using a Savonius Rotor current meter. (Hydro 
Products, California). Undenlater observations were made using SCUBA. 
Experimental investigationt=: into the limiting effects of water movement 
were made by dete:::minil1g burrowing ability in sand collected f rom an 
area sub j ect to wave act.ion near the Swartkops River mou th vlhere C.kraussi 
had never been recor ded. Sand was collected in this area in December 
1972 and again in January 1973 Rnd used in two separate experiments. 
The method was the same in each case . In each experiment 7 batches 
each of 10 similar sized prawns "ere used. Batch one consIsted of 10 
pr awns in the size group 2-2,9 nun carap ace; in batch two the size was 
3-3,9 rom ca.rapace. Successive batches f e ll into larger size groups with 
the seventh being 8 .• 8,9 mm . Each batch wa.s th en p laced in a howl of 
diameter either 25 cm or 40 ern which had been filled with sand to depths . 
ranging from 5-12 em depending on the size of the prawns. The bowls 
were examined nt intervals over a period of 3 days, both at night and 
during the day and n count kept of u11 pr<c,ms seen on the surf ace. 
16 
Results 
Digging and burrow construction by ~.kraussi are basically similar 
to that of ~.californi ensis (MacGinitie, 1934) and ~.filholi (Devine, 
1966). In all three species the second and third pereiopods are the 
most important digging appendages although some use is also made of the 
third maxillipeds and chelae . The importance of the chelae in C.kraus si 
declines with age especially in the males where this limb is proportionat e ly 
far larger and more cumbersome than in females and young specimens. Both 
~.kraussi and ~.filholi are able to bury thems elves very rapidly in a 
sandy subs trate and do not require to re-emerge except to push out loads 
of sand . MacGiniti e observed that Q.californiensi s cons truct e d a n ew 
burrow initially by digging and backing out with each load of sand until 
a depth equivalent t o its own b ody l ength was reache d. A turn-around 
was then ·const ruct.ed and the animal did not subs equent ly leave its 
burrow. By contrast, ~.kra~~ on a san.d s urface buries itsel f by 
pushing sand asid" with its second a"d third perei opods whil e in young 
animals the chelae are also us ed. At the same time the pleopods beat 
strongly, keeping the anterior p ar t of the body pressed against the 
substrate . As soon as the pra>m has managed to force the cephalothorax 
belo>1 the surface the abdomen is folded v entrally and the animal 
rapidly disappears. 
In the field the appearance of areas inhabited by ~.kraussi varies 
wide ly. In ca lm areaS wi t h a comparatively low burrmv density s uch 
as Swartvlei lake at a depth of 3- 4 ra, the burrow openings may be 
surrounded by 2. cone of sand up to 1 5 Cr.\ high. In areas with a high er 
density of burrov.T open i ngs but still in calm ,.;rat er , such as the area 
below the r.oad bridge at SwartvJ.ci, the burrowing activities of this 
s pecies result in a very uneven surface. In areas '\'lhere there is \vater 
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movement, either due to tide or wind action such as in the Swartkops 
mouth area, these cones and uneven areas are usually more flattened out 
and there is less evidence of burrowing activity. This latter 
observation also appears to hold for both £.major (Lunz, 1937) and 
£.filholi (Devine, 1966). Both these species occur on open beaches, 
where the burrow openings are apparently not always clearly visible and 
may even lie in a slight depression. 
It has been intimated above that the numbers of burrow openings 
varied in different areas and counts were therefore made in an attempt 
to account for these variations. Results of counts done in an offshore 
area in Algoa Bay are £iven in Table 1. 
Table 1: Counts of burrow openings in an offshore &rea in Algoa Bay 
Four counts were done at each depth. 
Depth (m) Mean/ 2 Range m 
3 1 0-4 
5 64 21,-148 
6 364 276-404 
8 320 184-524 
The number of burrow openings cl.early decreased in 5hall0;1 water. 
This was probably related to increasing surf action with associated 
instability Ot the bottom thr o"J.~h movement of sand. 
The area surveyed at Knysna consisted of a bank 'which shelved fair ly 
steeply at fir s t and then flat.tened out. 
in Tnble 2. 
The counts obtained are given 
18 
Table 2: Counts of burrow openings at 1,5 m intervals along a transect 
at Knysna in 0 ,3 to 1,8 m depth of water. 
Depth Range (m) No. of counts Mean/ m 2 Range 
0-0,49 2 152 128-180 
0,5-0,99 3 134 64-180 
1-1,49 2 144 96-188 
1,5-1,99 14 72 28-142 
The init~al slope followed by a flatter region is the reason for 
the greater number of counts beyond 1,5 m. The table shows that the 
number of burrow openings decreased below 1,5 m. This deeper s.ect ion 
'was in the channel and was an area of strong tidal currents with sp'eeds 
up to 45 em/sec. In the west Kleinemonde estuary where a large number 
of count s (n = 148) were done over the whole area below the bridge 
(Fig. 6) it was also found that there was a gradient in the density of 
the number of open burrows. In this case the number decreased towards 
the s and bar. All the Kle inemonde counts were done in shallow ,"ater 
(maximum about 50 em). Near the bar there is more water movement due 
to wind action than in the areaS sheltered by the dunes away from the 
bar. It appears that the number of open burrows generally declines 
in areas of greater water movement. Thus in Algoa Bay the number of 
burrmv openings declined in areas of greater surf action; in Knysna 
the numbers declined with increasing depth in the channel where tidal 
currents were stronger and in the Kleinemonde the nwnbers decreased 
towards the sand bar where there was more water and sand movement. These 
observations lead to the question "hethcr a decrease in the number of 
burrow openings reflects a decrease in population or mereiy a reduction 
in the numbe r of openings per burrow. 
n = 24 
-x = 292 
Range: 116-
512 
A 
n = 17 
-x = 68 
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Figure 6. 
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Observations on the number of entrances or exits to a burrow were 
made in open and closed estuaries and in areas varying in their amount of 
shelter from wind and water movement. One of the first findings was 
that all openings to burrows were not permanently· open. Forcing water 
into an open burrow frequently resulted in the expulsion of sand from 
openings which were previously closed off. During the investigation 
• counts were made of both the number of open entrances to a burrow system 
and also of the total number of entrances both open or closed. The 
results are given in Table 3. 
Table 3: The mean number of open entrances per burrow system and the 
mean number of total entrances (open and closed) per burrow 
system in different estuaries. 
Area No . of Mean no. of Mean no. of Range of 
observation.::; open entrances total entrances total no. of 
per burrow (open & closed) entrances 
per burrow (open & closed) 
East Kleinemonde 24 3 3 1-9 
estuary (close d) 
Wes t Kleinemondc 50 1,4 2,5 1-7 
estuary (clos ed ) 
Swartkops 50 1 1,8 1-3 
estuary (open ) 
In the east Kleinemonde estuary where the area investigat ed was very 
sheltered from \;ind action all entrances to burrow syst~"1lS remained open. 
In the west Kleinemonde counts ~lere made along the sand bar .1i7here there 
was wind induced water and sand movement. . In thi s area there \ioTas a 
reduction in th e total number of openings as well as a high proportion 
(4·L.%) of closed entrances. In the Swartkops estuar.y where there Here 
both wi.nd and tidal movements ·ofwater the trend to reduce the ntunber: of 
21 
10 cm 
'----..... 
10 ern l-____ ~__J 
Plate 1: 
Plate 2: 
A polyester resin cast 
of a burrow SySt~l of 
£.kraussi showing a thin 
connection between 
neighbouring burrows 
(arrow in lower left 
corner). 
An enlargement of the 
central section of Plat e 
1 showing the positions 
of the two prawns 
(arrmITs) where they were 
trapped by the r esin . 
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openings was carried still further although the same proportion (44%) 
of the entrances were closed. The number of open burrow entrances 
in any area will thus vary depending on water movement. This was 
supported by observations made using SCUBA in Algoa Bay. The counts 
given in Taole 1 were made on a calm day. On subsequent dives in strong 
surf conditi ons very fe'. open burrows were found and then only after a 
prolonged search. Phillips (1971) found similar fluctuations in the 
case of f.islagrand e in Mississippi sound. Counts in the same area at 
different times of the y ear varied from 5 to 100 per square metr e , and 
he suggest ed that this r esulted from wind and surf action. 
These observations were extended into the laboratory by counting 
the number of open burrows in tvlO aquaria each containing twenty prawns. 
It was found that the number of burrows depended on ,;hether or not the 
wat er was aerated (Fig. 7). In aerated conditions the "otal number of 
open burrows dropped as low as f ou r, that is five prawns per opening, 
but if the aeration was st opped the numb er increased to give almost a 
1 : 1 ratio with the prawns . A significant fact to emerge was that the 
number of open burrows never exceeded the number of prawns in the aquaria. 
As field observat ions often i ndicated more than one opening per burrow 
system this suggests tha t individuals of C.kraussi share burrows. 
Poly es ter resin casts of burrm"Ts of prawns kept in an aquarium in the 
laboratory showed that burrows .,eTe frequently joined by thin connections . 
Pl at es 1 and 2 show a burro« cas t where t u o sections of a burrow system 
are joined by thin connect i ons while a prawn has been trapped in each 
scctj.on by the res in . This suggests th at while C .kraussi may share a 
burrOH system each prm-Jn r emains in a specific part of the sys t em. 
Thi s separation has not be .:n dcscribBd in other species . Hailstone & 
Stephenson (1 961) ,,-orking in Australia simply re cord up to two Spe.cimCloS 
in a burrow systf'Dl of S2.au s~ralien sis . Devine (1966) referring to 
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Figure 7. Effect of aeration on number of open burrows in two aquaria each containing 20 prawns. 
Plate 3 . 
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10 cm 
Polyester resin cast of the more common type 
of bu.rrmv constructed by ~C2.krau.ssi. 
Plate 4., 
25 
10 ern 
A polyester resin cast of an unusually cOlnplex 
burroH of Cokraussi. 
the surface we re lost. 
as turn-arounds. 
The thin connections to 
Note the dilations used 
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f.filholi in New Zealand states that "groups of animals congregated 
together in a shared burrow sys t em". On the other hand Phillips (1971) 
suggests that in Q.j amaicense loui sianensis burrows are occupied by 
singl e animals. 
Polyes t er resin casts of the burrow of C.kraussi showed that it 
burrows to at least a metre depth. This is similar to depths recorded 
for other species, e .g. f.californiensis 0, 75 m (MacGiniti e , 1934); 
f.major 1,5 m (Lunz, 1937) and 1,46 m with a range of 0,6-1,2 m (Pohl, 
1946) and f.jamaicense louisianensis 0 ,77 m wi th a range of 0,33-1,37 m 
(Phillips, 1971). 
Most burrows of f.krauss i tend to be approximately vertical with 
varying numbers of side branches as shown in Plate 3 ~ The photograph 
shows the way in which the burrow t apers off at the surface. Thi s was 
also fou nd by Lunz (1 937) in f.ma jor. Tapering ",as also found where 
burr ows interconn ected suggesting th at the response t o contact with 
the surface is similar to the r esponse t o contact wi t h another burrow. 
Burrows may be extremely complex (Pl. ate 4). Thi s photograph also 
illustr at es the dilations which are used as turn- arounds . 
C .kraussi burrows vlere found i n a v ariety of substrates. These 
ranged from the Keurbooms es tuary \",here they t.J ere living in a coarse 
grit with a median phi value of less than 1 (Fig. 8) and a moderate s i l t 
cont ent (Table If ) to fine mud with a median phi of 2,9 and 29% silt 
volume in the upper west Kleinernonde es t uary. 
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Analyses o f substrates in which ~,krau ssi was found, 
1) Keurbooms estuary ; 2) Y.nysna area 4; 
3) Langebaan l agoon and 4) Upper Kleinemonde estuary , 
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Analyses of substrates from areas Hhere £Qkr~2.!. wa s 
absent or rare . From left: 1) Swartkops r.lOuth; 2) Off 
Thesen1s jetty, Knysna ar.ea 3; 3) Front Leisure Isle., Knysna 
area 1 and 4) Featherbed Bay channel, Knysna area 2. 
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Table 4: Silt volumes and median phi values of substrates in which 
burrows of C.kraussi were found. 
Locality Silt Volume % Median phi 
Knysna estuary 2 2,2 
Langebaan lag oon 7 2,5 
Keurboom s e stuary 13 0,85 
Upper Kleinemonde estuary 29 2,9 
De spite this wide degree of tol e rance ~.kraussi was frequ ently 
absent from areaS where the substrat e appeared su itable for co l onization. 
The s ubstr a t e analyses from four such a r e a s are shmm in Fig . 9 . The 
similarity of these s ubstrat es to those collected at area 6 in the Knysna 
estuary and at Langebaan is apparent. 
The main difference between these t wo sets of l 0cali ties lay in the 
amount of water movement t o which they wer e s ubj ect ed. The sub s trates 
inhabited by ~.kra~si and analysed in Table 4 and Fig. 8 were eithet' 
from qui et , sheltered wat ers in estuaries (Keurbooms , Knysna and 
Kl einemonde estuaries) or from a sheltered bay in the case of Langebaan 
lagoon. By contrast, the Swartkops river mouth and the front of 
Leisu r e Isle (area 1 on Knysna map) were both subject to wave action. 
In Featherbed Bay channel and off Thesen 's j e tty (areas 2 and 3 in the 
Knysna estuary) currents of 42 cm/sec and 23 an/sec respectively ,'ere 
measured . SCUBA inspections of these l atter two areas indicated large 
amoun t s of sand movement and sand ripp le s 15-20 cm high on t he bottom , 
Tests of the ability o f ~ . k,,-aussi t o bur r ow in substrates collected 
in areas where they did not occur were made using sand from the 
Swartkops mouth. Results of the particle size analyses of samples 
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Figure 10. Analyses of substrates [rom Swartkops river mouth. 
1) Coll ected in December , 1972 
2) Coll ected in January, 1973 
collected in December 1972 and January 1973 are given in Figure 10. 
The median phi values diff ered slightly, 1,85 in December and 2,05 in 
January. The Decembe r s@nple contained 6% coarse p&rticles (phi value 
of 1,4 or less) which was not found in January. 
All prawns burrowed immediately in sand co ll ected in January 1973 
and none rc-appeared on tha surface. Thus substrate composition was 
not excluding praHns from the area in J anu ary 1973, and the previous 
exposure of the sand to vlave action had no t made it in any way unsuit able 
for the prawns. Prawns had difficulty in burrowing in sand collected 
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in December 1972, and varying numbers were counted On the surface over 
the three day duration of the experiment (Table 5). 
Table 5: Number of prawns counted on the surface of the sand over 3 days . 
Sizes 2-2,9 3-3,9 4-4,9 5-5,9 6-6,9 7-7,9 8-8,9 
(mm carapace length) 
Mean no. on surface 0 1,3 2 5,4 5,4 7,7 5,4 
Range 0 0-1 0-3 4-6 5-8 6-10 5-7 
No. of observations 19 19 19 10 10 10 10 
The results indicate that in December 1972 the different particle 
size composition could be contributing to the exclusion of larger prawns. 
Small prawns were clearly better able to cope with the coarse substrate. 
Discussion 
The number of f.kraussi burrow openings per square metre in 
southern Africa is comparable to figures given by Hailstone & Stephenson 
(1961) for f.australiensis. They report up to 500 openings per square 
metre in the case of l aocge individuals (c. 60 mm tot a l length) and up to 
1,000 per square metre in the case of small er specimens ( c .40 nnn total 
l ength). Results for other species a re usually much lower. Figures 
for Q.maj02: on the east coast of North America are 30-40 per square 
metre on South Carolina beaches (Lunz, 1937) and only 11 per 25 square 
metres on North Carolina beaches (Pohl, 1946) . These figures probably 
reflect Im<er population densities. 
The number of openings per burrm·l systC-'I11 varies from "two to several" 
in the case of C.cdifornicnsis (MacGinitie, 1931,) and up to s ix in 
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C.australiensis (Hailstone & Stephenson, 1961). Hailstone & Stephenson 
also attempted to determine the number of burrow openings/specimen so 
that burrow density could be converted to population density. They 
concluded that two to three burrow openings generally correspond with 
one individual. The fact that the number of burrow openings in aquaria 
containing g.kraussi did not exceed the number of prawns suggests that 
in quiet water the ratio is nearer 1:1, while in more turbulent conditions 
the number of open entrances decreases and the ratio becomes about 2:1. 
In extreme conditions such as were found in Algoa Bay under heavy surf 
al l burrows will be closed off but this is only temporary. 
If it is assumed that the population density of g.kraussi approaches 
a 1:1 density ~ith that of the burrow openings, then the maximum 
population densities found were 400-500/m2 in parts of the west Kleinemonde 
estuary in February 1971 and off shore in Algoa Bay . The results from 
Algoa Bay are probably more accurate since surf action would close off 
burrows and only occupied burrows would be re-opened. In the west 
Kleinemonde estuary there was far less water movement and old or 
abandoned burrOlvs would take long er to silt up thus giving erroneously 
high densities. These densities ar e extremely high; · the only compar able 
area is the east coast of Australia where Hai lstone & Stephenson (1961) 
2 
recorded d ens ities of up to 250/,<1 for large individuals and up to 
2 SOD/TIl for smaller specimens. 
It has been shm.,n that water movement can r esult in partial or 
complete oblit eration of any sign of the burrows of g.kraussi . Doe s 
mor e powerful Hater movement exclude .Q4!<raussi from certain areas despite 
the suitability of the substrate? Results h c.ve shown that C.kraussi 
- -----
can burro;, in a wide va:.:iety of substrates (Fig. 8 ) while 2t the S"-'TIC 
time it is frequently absent from subs tr ates (Fig . 9 ) which p.ppear suitable. 
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In the case of Swartkops estuary prawns were able to burrow in sand 
collected at the mouth of the estuary from an area where they did not 
occur. This suggests that the nature of the substrate was not the 
excluding factor, and the most probable one was the amount of water 
, 
movement. \ "'/ 
Other workers have commented on this phenomenon. Scott, Harrison 
& Macnae (1952) noted the absence of C.kraussi from those areas · in the 
Klein River estuary where "the sand is in almost constant motion with 
the tidal currents when the lagoon is open". Simi12r observations 
have been made on other species in the genus in other parts of the world. 
Hailstone & Stephenson (1961) consider C.australiensis "as definitely 
an estuarine form as it decreases in abundance at or beyond the mouth 
where there are shifting sand bars". Devine (1966), in discussing the 
factors limiting the distribution of .Q.filholi in New Zealand stresses 
the importance of the "instability of sand "'ith respect to removal by , 
wave action". 
All these authors refer to the significance of water movement 
combined with sand movement and this is supported by the present results. 
High burrow oIJcning counts were obtained in Algoa Bay despite ,",lave action 
but this was probably associated with little sand transport. Open 
beaches" river mouths and channels in estuaries are all associated with 
strong water movement and sand transport and this is probably the 
limiting factor. 
Woold r idge (1968) found experimentally that .Q.kr!'!.ussi is capable of 
l.mrr.owing in substL'atcs r anging (rorrt fine mud to COarse sand. Phillips 
efficient:ly in mud ,\\rhilE! .9..i.slagc§-.:0_~~ could not tolerate silt and was 
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thus excluded fr~n muddy substrates. The burrowing ability of C.kraussi 
in sand collected in December 1972 at Swartkops mouth showed that 
increasing coarseness of the substrate was a limiting factor. There 
is thus a tendency for different species of Callianassa to be limited 
to a distinct range of substrates although Q.kraussi is far more 
tolerant than either of the two species studied by Phillips (1971). 
The substrate in the upper Keurbo~s estuary is far coarser (Fig. 8) 
than that of any of the other areaS investigated including the sand 
collected at the Swartkops river mouth in which the larger sizes of 
prawns were unable to burrow. This Keurbo~s es tuary substrate hau 
a far higher silt contpnt (Tabl e 4) th an Swartkops sand and this may 
assist in binding the substrate and so a11m-, burrm.ying. Although adult 
prawns would h ave difficulty in establishing themselves in such a cOarse 
substrate, the younger stages could do . so. During growth they could 
easily extend their existing burrO\v and would not have to construct an 
entirely new one. 
The limiting effects of c oar ser substrates are exerted differentially 
on the various sizes of Q.kraussi. Adult prawns, especially the males 
with their very l arge chelae, are extremely clumsy when removed from 
their burr ows and are less readily able to burrow again than the younger 
stages. It is thus apparent that mature prawns are far more dependen t 
on their burrows than the younger stages. This could possibly account 
for the tendency shown by Q.~raussi t o avoid areaS of strong water 
movement. If young prawns ,,,ere "ashed out of their burrows by sand 
movement they could possibly re-establish themselves because of their 
ability to burrow rapidly . If adult prawns were \<1 ashcd out it is 
unlikely that they would be able t o burrow again befcre being swept 
away. Such conditions are obviously drasti.c and would involve large 
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scale sand movements. Less violent sand movement would still result in 
conditions such as were found in Algoa Bay when virtually no sign of any 
burrows could be found on a day when there was heavy surf. With even 
slight sand movement burrows tend to close up and all trace of burrows 
is obliterated. Under such conditions C.kraussi would not be able to 
survive for long periods. Thus it appears to be distinctly advantageous 
for Q.kraussi to avoid areas of strong water movement and shifting 
substrates when selecting an area in which to bu~row. 
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PART II 
THE LIFE CYCLE OF CALLIANASSA KRAUSS I 
Despite the wor ld wide distribution of the genus Callianassa very 
few studies of breeding and growth have been carried out. This is 
probably due to their inconsp icu ous nature and the difficulty of 
obtaining regular large samples. On the east and west coas ts of North 
America spec ies of this genus are common and a number of ecological 
studies have been carried out (Lunz, 1937; MacGinitie, 1934 and Pohl, 
1946) but the only population studies have been done in the southern 
hemisphere. Hailstone & Stephenson (1961) investigated ~.australiensis 
which i s abundant and readily obtainable along the coasts of New South 
Wales and Queensland • Devine ( 1966 ) did a similar study of C.filholi 
. in New Zealand. No work has previously been carried out on the breeding 
and growth of C .kraussi in sou thern Africa despite its abundance (Day et a1, 
1952 ; Macnae 1957 and Day, 1958). 
The work was concentrat ed in the three study ar eas described in 
Part 1, the open Swartkops estuary, the closed Kleinemonde estuary and 
the intermittently open Swartvlei system. 
Xathods 
1. Breeding. Salinity and temperature effects on ~.kr.1'~si. 
Sampling areas and techniques. 
Collecting was carried out with a prawn pump i n D,S-1m depth of 
water. An assistant held a sieve (34 em diameter t-Jith an 8 em deep 
rim and a 2 nmI bar mesh) and stood next to the pump operator. The 
t 
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pump was then pushed slightly into the substrate and the plunger pulled 
out vigorously. This action caused a mixture of substrate, water and 
prawns to be sucked into the barrel of the pump as it sinks down. The 
contents were then expelled into a sieve held partially underwater and 
agitated so that the substrate passed through and the prawns could be 
picked out. This method was successful in obtaining prawns as small as 
10 mm total length. In order to avoid bias no attempt was made to place 
the pump directly over a burrow. A few pump strokes in an area soon 
caused the water to become cloudy with suspended matter which effectively 
obscured the bottom after which pumping was completely random. The 
sieving technique Has used at Kleinemonde from March 1971 and 200 prawns 
were collected every month. At Swartkops the prawn pump ,,,as used from 
July 1971 until February 1972 and 100 prawns collected every month. After 
February 1972 the sieving technique was introduced ari.d 200 pratinS Volere 
collected · every month. At S·,.,artvlei samples were collected at a number 
of points in the ch annel and l ower estuary (areas 1 end 2 on Fig. 2) over 
the period November 1970 to April 1972 u s ing both pump alone and pump and 
sieve. From June 1972 samples were collected using pump and s ieve in 
the lower estuary, channel and lake (Fig. 2). This more extensive 
sampling program was b~gun when apparent sal inity dependent variations in 
the popUlation began to develop. Samples of 200 animals Here collected 
in the lmve r estuary and the channe l but onl.y 100 in the lake where 
collecting 'Has more difficult due to the greater depth of water. 
Treatment of samples 
Samples of: prawns were ei ther formalised in the field or brought back 
alive to the laboratory in sea water in plastic bags in an insulated box. 
In the laboratory tl~e carapace lerq::;th of e.ach specimen '<las measured. 
This ~·.;ras taken as the mid-dorsal length fr om the tip of the rostrtinl to 
the posterior end of the carapace - the area referred to by Biffar (1971) 
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as the "dorsal oval". Prawns were then divided up into 1-1,9 rom, 
2-2,9 rom, 3-3,9 rom etc. carapace length size classes. Females were 
examined for the presence of eggs and these were classified as eyed or 
non- eyed . The diameter of f r esh eggs was measured using a graduated 
micromet er eyepiece. The number of eggs was counted in pres erve d 
specimens . I t was usually possible to tell if a female had r ecently 
shed its eggs by the remains of egg cases on the pleopods. The state 
of development of the ovary was also noted; in g.kraussi this is easily 
visible through the transparent abdominal t er gi tes. Specimens wi th 
a carapace l ength of 3 rmn or l ess ~Tere difficult to sex and these were 
classified as unsexed juveni l es . 
Measurements of t emperature and salinity in the field 
The t emperature of the surface water as we ll as that of the sand 
brought up in the pump was measured . Sampl es of water for salinity 
determinations were taken on the bottom, as this was the water in contact 
with the burrov,1s. Temper atures and saliniti es were · detennined as describe.d 
in Part 1. 
Temperature tol erance of adu lt s 
The tolerance of adu lt prawn s to temperatures of 10, 30 , 33 and 
350C was determined. C .krau5si ;las collected at Kleinemonde a t 
o t emperatures of 15-18 C . They were brought back to the 1 aboratory 
o 0 
and kept overnight in sea water (35 /00) at 20 C. Experiments at the 
upper three t emperatures were carried out in plastic bas ins containing 
8 li of water and using Tecam heater stirrers. The low temperature 
experiment was done in a larger containe r with 20 Ii of T,.,Tater. A 
cooling coi l connected to a refrigeration unit was used in conjunction 
with a heater stirr er to maintain a o temperat.ure of 10 C. A control 
o 
experiment l..ras set. up in a constant t emperature 1' 001.1 at 20 c. In the 
case of the high temperatllres , the temperature \o]a5 raised from 20°C at a 
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o 
rate of 1,3-1,5 per minute. Tw enty to twenty-five pralms were u sed 
in each experiment. Observations wer e made at increasing time int e rvals 
on a logarithmic scal e for hours. Dead prawns softened and turned 
opaque r apidly. The percentage survivals hip was c onverted t o a probit 
following the method of Finney (1952 ). 
Temperature and salinity tolerance of eggs and larvae 
The temp eratur e t oleranc e of eggs and the eff ec t of high and low 
tempe ratures on deve lopment was determined exp er imentally by h o lding 
ovigerous females ind ividu a lly in plas tic boxes containing 200-300 ml 
of sea water ( 35 0 /00 ) a t either 25 ± 3 0 c Dr 14 + l°C. Control femal es 
were kept at 20 0 C. Salinity tolerances of eggs wer" de t ermin ed, at 
o 0 
' salinities ranging from 10,4 to 35 /00 at 20 C. Control s were k ept 
o 
at 35 /00 . 
The salinity tolerance of larval and pos t -lar val stages was compare d 
in individuals hatched in sea water (35 0/00 ). Batches of t en in 
trip licate ',ere trans f e rred t o a salinity of 9 % 0 at 20 0 C and l eft for 
24 hours, after which the numbers alive or dead were counted . A 
control batch of both stages was kept in undiluted s~a water. 
2 . Larval biology and dispersal. 
Th e 1 arvae. 
Larva l stages were r eared in th e laboratory and the biology of the 
larval stages both in the laboratory and in the f ield was inves tigated. 
After hatching larvae were transferred to g lass dishes contai nin g 50··60 
ml of water and k e pt under the same condit ions at which the eggs had 
deve l oped so as to follo'.! the further effects of t emperature an d salinity 
on development . The glass dishes a ll owed insp"c tion for the pres ence 
of moult ed exuvia. 
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Observations on larval behaviour under simulated natural conditions 
were carried out by allowing females carrying late stage eggs to burrm< 
in narrow perspex containers (internal measurement s 2 em x 18 em x 44 em 
deep) • After hatching it was usuaIly possible to observe some larvae 
in the maternal burrow in areas where the burrow came in contact with 
the sides of the container. 
Dispersal. 
Attempts were made to collect larval and post-larval stages of 
~.kraussi in the plankton in the west Kleinemonde estuary. Initially 
a towed plankton net was us ed but subsequently a continuous sampling 
procedure using a water pump in a boat over a known prawn bed was 
. employed. The intake consisted of a funnel 15 cm in diameter suspended 
15-30 cm above the bottom and covered by wire mesh with 2 em openings. 
The outlet pipe was placed in a plankton net suspended from the boat with 
the opening of the pipe placed below the surface of the water to lessen 
the force of the pump. The pump delivered about 4,000 li per hour. 
A monitoring system to catch migrating prawns was set up in the east 
Kleinemonde estuary. This consisted of four asbestos cement boxes 
30 cm x 20 cm x 30 em deep. These were filled to a few cm below the 
brim with sieved sand and buried in the estuary bed so that the sides 
just protruded above the sand. The boxes ,'ere left in position for 
20 months during which time they were dug up every two months and the 
contents sieved . 
and sexed . 
Any prawns that had moved in were preserved, measured 
3. Recruitment, growth and population densi t y in different areas. 
Rates of growth were determined from analyses of regular samples. 
After me asurement and sexing of all the individuals in a sample, the 
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numbers of juveniles were expressed as a percentage of the total numbers 
in the sample. A size frequency analysis of the adults was made. 
Males and females were considered separately as the males reached a 
greater maximum size . Growth rates were determined by i nspection of . 
the rate of progression of t h e modes in successive sampl es. Vleighings 
of live prawns of different carapace l engths were done to establish a 
length/weight relationship and to determine whether this relationship 
diff ered between p:ralo'l1S from different areas . Samples col l ected in 
other areas during the general survey were also used, wherever 
possible, for comparison with the populations in the Kleinemonde, 
Swartkops and Swartvlei systems . 
The relative. grm ... th of prawns in open and closed estuar i es was 
compared in the east Klainemonde and Kowie Rivers . Asbestos cement 
boxes , as already described, were filled with sieved sand from the west 
Klein~onde estuary. Into each box were placed twelve 3 rom and sixteen 
4 rmn carapace pra~';lls. Each box was then covered with a wire mesh lid 
which allowed '..tater circulation but prevent ed the prfll.·lns from escaping. 
One box was placed in each estuary and left for 7 months , from 19/5/72 
until 12/12/72 . They were then lifted and the remaining pra,Tns 
recovered, measured and v7eigiled . 
Attempts were made to assess population density independently of 
the techniques des c ribed in Part 1. Digging and sieving known volUtlles 
of sand was abandoned due to the difficulty of digging out a metre depth 
of sand under water. An attempt was made to develop an index of relative 
density, expres s ed as catch per unit effort. It .,as assumed that the 
efficiency of the prawn pump aad the digger <'las simi lar in all areas 
sa'llpled. Counts vJere then made of the numbe r of prm.;ns collected in a 
successive seri e s of 25 pWllp strokes. 
number of pra'Nn s per 10C' purnp 5 trokes . 
This ~"'as then converted to the 
41 
Results 
1. Breeding. Salinity and temperature effects on ~.kraussi. 
Seasons. 
More data are availab le on the Swartkops and Kleinemonde populations 
than from other areas. Breeding in the Swartkops estuary occurs 
mainly in the winter and spring (June-September) with a smaller peak 
in late spring and summer (November-January) (Fig. 11). The higher 
numbers of ovigerous females obtained in 1971 reflects the use of the 
prawn pump alone in sampl ing. Results from the Kleinemonde estuary 
were similar to those obtained at Swartkops as regards breeding times 
although minor· differel'ces did appear. In addition each area tended 
t o vary slightly from year to year . Disregarding the results obtained 
in the Swartkops es tua1:7 in 1971, the samples indicated that similar 
proportions of females in each area carried eggs in each year. It is 
noticeable that more females produced eggs in the Kleinemonde estuary 
than in the. Swartkops estuary. The r eason for thi s is obscure at 
present. The histograms tend to fluctuate more r api dly than the 
absolute numbers of ovigerous females, due to the appe~rance of nevl1y 
matured females in the population . 
Swart-viei. WC1Z only visited every second month; the results are 
shown in Fig. 12. Unfortunately only small numbers of mature females 
were collected "md thus only a tentative interpretation of the results 
ca,., be offered . There appeared to be differences in breeding period 
in the th"ee areas s«llpled as well as differences between this area 
and those described above. Higher proportions of ovigerous females 
We:L0 recorded in the lake and in the lower estuary than in the channel 
link.Lng the tv-I0. It also appeared that C.kraussi in Swartvlei tends 
to beg in breedinti s lightly later in the year (August-September) than the 
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Figures indicate actual number of ovigerous females collected . 
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populations in the Swartkops and Kleinemonde es tuaries, and is more 
of a spring and summer breeder . 
A limited number of samples from 32 areas were collected during 
the general survey. These were generally spot samp l es and no 
continuous records are available but it is of interest to compare these 
areas with those described above. 
in Appendix 2. 
Analyses of these samples are given 
Samples collected in the western and southern Cape Province in 
summer (February 1972) were similar to those from the west Kleinemonde 
and Swartkops estuaries at the same time • Between 33 and 62% of mature 
. females in the 8 areas visited showed signs of early ovary development. 
Late ovary development was only recorded in the Heuningnes (7/,) and 
Uilenkraal (47,) estuaries (Fig. 1). At Stilbaai 6% of frunales were 
ovigerous but 28% had recently shed their eggs indicating the end .of 
t he breeding season. Juveniles were generally present but only at 
Langebaan (48%) and in the Great Brak estuary (42%) in any large numbers. 
All avai l able evidence suggested similar winter/spring breeding ... 
populations with possibly some carryover i n to suunne.r as shown by the 
females at Stilbaai which were ovigerous or had recently shed their eggs. 
Nine smaples taken in the eastern Cape in 8 areas in the months of 
April, July, August, November and December also indicated winter/spring 
breedi.ng populations. Samples taken in July and August 1971 all 
contained ovigerous females and generally a high proportion of females 
showing late stage ovarian development. 
~7hilc Fopul ati oas of .Q .!<r~~ i ill the south-western, south e rn 
and south- ~ astcrn Gnpe Province showed bas ically simi ] ar patterns, 
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populations in the Transkei and Natal appeared to vary. Of 12 samples 
collect e d i.n July 1972 in different areas 8 yielded ovigerous femal e s. 
The proportion of ovigerous females did not exceed 19% and low 
proportions were usually associated with a high proportion (up to 50%) 
of females which had recently shed their eggs. In a sample collected at 
Umgababa on June 1, 1973, 22% of the mature females "ere ovigerous 
while 15% had already shed their eggs. The proportion of females with 
late stage ovaries increased s t eadi ly over the period September 1970 
to Decembe r 1970 (from 11% to 46%) in the Zetani River (Tinley Manor) 
while simi l a r high proportions were found at Port St.Johns in January 
1973 (2rlo) and at Kos i Bay in January 1971 (65%). These results all 
suggest breeding earlier in the year than the populations further south • 
. Further information would be required to confirm this tre nd B.nd to 
attempt to explain it. 
Tempe ratures in the study areas. 
No continuous temperature records are available but monthly 
r ecords were taken in the west Kleinemonde and Swartkops estuaries. 
There-'was an annual range of 14 to 260 C at a depth of about 50 em in 
the substrate in the closed K1einemonde and of 15 to 25 0 C in th e cpen 
Swartkops estuary (Fig . 13). Fewer results are available from S'i.'lartvlei 
(Fig. 14) but it appears that the range is similar throughout the system. 
Available records indicate that the temper"ture did n ot rise as high in 
the Swartvlei system as in the Kleinemonda and Swartkops e s tuaries and 
the annual range appears to be 15 to 24°C. 
Temperature tolerances of the adults. 
Survival at 30 0 e, lOoe and in the controls at 20°C was s imilar 
O";g. 15). o After 500 hours at 30 C 76% of the samp le survived cs 
comp ared \ .... ith 7270 in the contr ol. Obsl?r'/ations during the exp c l'irne:nt 
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showed that C.kraussi remained active and responsive to mechanical 
stimuli at this t emperature. The tempe ratures of 35 and 33 0 C were 
well above the upper lethal limit since all prawns died within 2~ and 
11~ hours respectively. At 10°C survival was comparable to that of 
the control. 80% survived for 500 hours but all prawns remained 
almost totally inactive over the duration of the experiment. 
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Figure 15. Survival of E'~E~ssi in sea water ( 35 0/00 ) at different 
t emperatures. 
Salini t i es in the study areas . 
The S>rartkops estuary study area lay at the mouth of an open estuary 
and was exposed on ly to full sea 'vater salinit ies (35 0 /00) ·during the 
stu dy period . In comp l et.e records from the \-lest Kleinemonde es tuary 
suggest that the salinity in the 10l,er part of the es t uary only dr oppe d 
o . belOl, about 20 /eo dur~ng floods as in AugClst 1970 and 1971. Saliniti e s 
flu c tuated in the S\·lartvlei system (Table 6) depend i ng on whether the 
1000 
I 
i 
I 
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mouth was open or closed and on the inflow of fresh or sea water. 
High salinities prevailed when the mouth closed in April 1972 but 
dropped steadily as the level of the lake rose due to inflow of fresh 
water until Augus t when the mouth was artificialiy opened. Little 
change occurred while the lake level was dropping but the salinity 
levels rose throughout the system foll~wing the equinoctial tides of 
September. Salinities fluctuated until April 1973 when the mouth 
closed again. A general equilibration was follow ed by a drop in 
salinities although they did not reach the low levels of 1972. 
Table 6 : Bottom salinities 0 ( /00) recorded in Swartvlei collecting 
areas. A range repr esents samples taken on a low and a 
high tide . 
Areas 
Date Lak e Channel Estuary State of mouth 
April '72 24 24,2 30,6 Closed 
June 172 12,6 13,8 19,3 Closed 
Aug. '72 9 9 16,2 Just opened 
Sept '72 10,6 12,4-15 32,5-34,5 Open 
Oct ' 72 15-28,4 27,6-32,9 34,8 Open 
De.c '72 15-21,6 18,1-23 ,4 30,8-32 Op en 
Feb ' 73 15,6- 17,8 19-30 31,6-33,9 Open 
April ' 73 13,3-14 14,4- 15 24,4-25,9 Op en 
June '73 23 24 27 Closed 
Aug , 73 14, .'i 25 23 Closed 
Oc t ' 73 15 21 24 Clos ed 
Size at maturity and nnmber of eggs per female. 
Femal.es mature a t a cat'apace l eng th of 6 nun although some ovary 
developnlent is frequently dis c0rn ible be fore this size is attai.ncd. 
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Females with a carapace length of less than 6 mm were only very rarely 
found to be ovigerous. 
The numbers of eggs on all preserved ovigerous females were counted, 
but since same of these females were damaged during ~ollection and from 
the very low numbers of eggs present at times it appeared that same 
might have been lost. Consequently in calculating the mean numbers of 
eggs carried by females of different sizes, numbers below 20 were 
disregarded. The numbers of such females are recorded in Table 7.. 
Table 7: Mean and range of numbers of eggs carried by females of 
different sizes. 
Carapace l ength of female (mm) 
6-6 ,9 7- 7 ,9 8-8,9 9-9,9 10-10,9 11-11 ,9 
Mean no. of eggs 41 ,9 86,4 138,7 282,6 177,1 76,5 
Range 21- 78 20-285 32-500 28-500 36-628 63-90 
No. of females 12 60 45 32 8 2 
examined 
No. of females with 4 13 4 0 0 0 
fewer than 20 eggs 
There did not appear to be any variation in different areas in th e 
numbe rs of eggs produced by females of anyone size. With increase in 
size over the carapace l ength range 6-9 rmn there was a very marked rise in 
the numbers of egss produced. The decline in the number of eggs found 
in the very l arge prawns may be an artefact uue to a combination of damage 
du ring collection and the very low numbers of these prawns "'hich could 
be found. 
No females produced eggs in the laboratory and 
consequ ently the appearance of the eggs on extrusion and the exact 
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hatching periods are unknown. It was possible however to identify the 
stages of the eggs from their appearance. Recently extr,uded eggs are 
orange-red in colour. At this stage they are spherical with a diameter 
of 0,94-1,24 mm (x = 1,12 mm; n = 80 eggs from 8 females). During 
development the colour fades initially to a dull yeilow and eyes appear 
after about 10 to 12 days. At about 14 days, red pigment spots develop. 
In the newly hatched larva these spots lie along the ventral edge of 
the branchiostegite and in the mouth r egion. The yolk begins to recede 
noticeably at about 20 days. By this time the eggs have swollen and 
become more elliptical with measurements of 1,3-1,8 mm x 1,1-1,S mm 
(i; = 1 ,S2 mm x 1,23 mm; n = 30 eggs fr om 10 females ). The yolk 
continues to recede ar.d just before hatching the egg is almos t 
transparent, although some yolk may still be visible in the hind gut. 
Maximum hatching periods in the laboratory were 32-33 days (n = 3) in 
a salinity of 34_35 0 /00 and at a t emperature of 200 c. 
Factors affecting egg and larval development. 
i) Temper ature. All ovigerous females suffered loss of eggs in 
the 1 abora tory due to handling during inspection of the eggs and 
probably also due to existence ou t of the burrow. Development at 
200 C in 3So /00 r equired 30-33 days while the larval stage l as t ed 3-S 
days. The effects of low and high temperatures are summarised in 
Table 8. 
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Table 8: Development of eggs and larvae at low and high temperatures. 
Low temperatures 
14 + l oe 
High t emper atures 
25 + 30 e 
No. of ovigerous females 25 22 
No. of egg batches hatched 5 4 
No. of larvae 2, 6, 9, 10, 20 2, 3, 4, 4 
Development time (days) 102, 68, 110, 36, 83 20, 22, 23 , 27 
Larval development time (days) 10-14 5-6 
At the low temperatures development of both eggs and larvae was 
markedly retarded. Twenty batches of eggs at 14°e 'Here lost; of 
these the female died in three, while six developed to a late stage 
over periods ranging from 75-97 days; others showed negligible 
development. 
Of 18 batches of eggs at high temperatures which did not hatch, 
nine developed to a late stage in which eyes were present and the 
y olk had almost disappeared. The other nine showed no development 
at all or were lost within a few days of their arrival in the 
1 abor atory • o At 25 C eggs developed in 20-27 days; this is more 
rapid than the development at 200 C (30-33 days). 
times at 20 and 25 0 C were simi l ar. 
Larval development 
ii) Salinity. The effects of different salinities on egg and 
larval d eve l opment are summarised in Table 9. 
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Table 9: Hatching and larval development of C.kraussi at different 
salinities. 
0 
salinity) Hatched Development larvae (days) Dilution ( /00 n time of 
35 18 13 3-5 
25-28 3 2 6 
17-21 4 1 6 
14-16 8 5 5-11 
10-13 7 2 9-14 
Less than 10 1 0 
o The lowest salinity at which a batch of eggs hatched was 10.4 /00 
. ' 
. but these were already at an eyed stage of development when exposed to 
this dilution and all larvae died on hatching. In all salinities below 
o 17,5 / 00 development was only successfully maintained in eggs which had 
already reached at least the eyed stage of development. Exposure to 
salinities below 170 /00, even at late stages of devel opment, always 
r esulted in egg damage. Eggs either swelled and turned opaque or else 
development proceeded for a short period and then ceased and the eggs 
dropped off. Low salinities also extended the peri od of larval 
deve lopment (Table 9). It "as concluded that 170 /00 is about the lowest 
salinity at which the eggs and larvae of E,kraussi can undergo their 
full development in the laboratory. 
Comparison of survival of larval and immediate post-larval stages 
following direct tr ansfer from 35 to 90 /00 sea water after 24 hours 
showed that 92% of the post-larvae survived but only 18% of the larvae. 
This indicated that the post-larva l stages are markedly more tolerant 
of 1 0\-1 salinities than the l arvae. 
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Figure 16. First stage larvae of Callianassa 
kraussi~ a. Dorsal view. 
b. Lateral view. 
b 
Figure 17. Second stage larvae of 
Callianassa krallssi. 
a, Dorsal view. 
b, 
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Figure 18. First post-larval stage of Callianassa kraussi. 
2. Larval Biology and Dispersal. 
LarV8 t'! . 
Newly hatched larvae as well as the first post-larval phase are 
5-6 rnm long (Figs 16-18). They are almost transparent except for the 
red pigment spots and the remains of yolk in the mid-gut and hind-gut 
retained in some individuals. Feeding does not appear to be necessary 
for the transition to the young pra;Tn stage to be completed. Once 
the remains of the yolk disappe.ared from the gut it r emained trensparent 
and apparently empty fur the duration of the larval stage. No growth 
was recorded during this pe riod. 
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During the larval period the animals do not swim and may be 
observed lying upside down in the parent burrow. The cephalothoracic 
appendages beat a lmost continuously but do not appear to be used for 
locomotion. Any movement which does occur is accomplished by a rapid 
flicking of the body. . This lasts for only a few seconds before the 
larva sinks back to the bott·om. Laboratory observat ions indicated 
that the larvae are incapable of leaving the parent burrow unless forced 
out, for example by the water currents produced by the parent prawn. 
In the Kleinemonde estuary plankton samplings were timed to coincide 
wi th a period immediately following a decrease in the number of ovigerous 
females. A preliminary 10 minute night plankton haul, followed by 17 
hours continuous sampling over 3 nights using the water pump method 
yielded a variety of planktonic organisms but no larvae of C .kraussi. 
No l arva l stages of Q.kraussi were found during an extensive estuarine 
plankton ·sampling program run by the Port Elizabeth museum (Wooldridge, 
personal communication). In view of the inability of the larvae to 
swim this result is not surprising. It thus appears that this species 
has both a markedly abbreviated larval life, and has lost its planktoni c 
phase. 
Immediate ly the larval stages have been completed , the young post-
larva is capable of burro;,ing. In the laboratory the post-larvae 
excavated their own burrm,s in the wall of the parent burrow. A 
photograph of a poly es ter resin cast obtained from the Swartkops es tuary 
is shown in Plate 5. The burrows of the young prawns leading off from 
the parent burrow can clearly be s een. 
Initially the connection with the parent burrow would be the on l y 
access to the surface and thus would not be visible on the surface of 
the sand. As the prawns increase in siz e t.heir burrows may become 
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10 cm 
Polyester resin cast 
of Callianassa kraussi 
burrow from the 
Swartkops estuary. 
Note small bur~ows 
of young prawns 
emerging froo~ larger 
parent burrow in 
lower left corner. 
separated from the parent burrow and acquire an independent opening to 
the surface. Observations in the Kleinemonde estuary showed that 
surf ace openings to the burrows of juvenile pra.;vns became apparent 2 
to 3 months after a la:cge hatc.hing of young. 
Dispersal. 
Evidence for the migration of post-larval stages was obtained in 
the east and west Kleinemonde estuaries and in the Swartvlei system. 
Three post - larvae - one of 2 nnn carapace length and one of 1 linn 
car apace length 'V-Jere obtained from the continuolls water pump method of 
plankton sampling~ 
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The boxes put down in the east Kleinemonde es tuary yielded a total 
of 47 prawns (Table 10). 
Table 10: Numbers and sizes of prawns (mm carapace length) recovered 
from boxes in the east Kleinemonde estuary at different times. 
Date April 1972 June '73 Aug 172 Oct t 72 Dec 172 
Numbers and sizes 2 of 3 4 of 4 2 of 3 3 of 5 4 of 4 
(rmn carapace) 2 of 4 1 of 3 4 of 4 2 of 3 
1 lost 3 of 3 1 of 2 
1 of 2 
Totals 4 6 2 11 7 
Date Feb '73 April '73 June '73 Aug '73 Oct '73 
Numbers and sizes 2 of 5 9 of 2 
(rum car apace) 3 of 4 zero zero zero 1 of 1 
1 of 3 1 damaged 
Totals 6 0 0 0 11 
Three quarters of the recoveries occurred in spring and summer 
(October-Febru ary ) wi th the period of maximum migration in October. 
This corresponds to the periods when the maximum numbers of juveniles 
were found i n the population. 
During October 1972 at Swartvlei there was an increase in the 
numbers of 4 and 5 rum carapace length prawns i n the channe l and in the 
1 ake (Fig. 19). Prm'1ns in these siz e claBses had not been present in 
l arge numbers hl August in either area nor were there any juveni les 
present which could have grm<D to 4 or 5 rrnn carapace length over the 
space of t~vo months. Thus . it appears that the inc rease must have been 
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due to immigration from othe r areas. In August 1972 there was a large 
proportion (40% of the population) of 3 and 4 mm carapace prawns in the 
lower estuary and presumably many of these migrated up the channel and 
into the lake over the p eriod August to October . This movement would 
possibly have been assi.sted by the equinoctial tides of September which 
result ed in strong tidal currents as well as a rise in salinity in the 
channel and th e main lake. 
The period of migration in Swartvl e i corresponds to the period when 
maximum migration was recorded in the east Kleinemonde estuary. Similar 
size groups were involved in migration in both areas , viz. 2-5 rmn 
carap ace l ength. There was no recorded migration of sexually mature 
. individuals. This extra-burrow activity by the young stages corresponds 
to suggestions by Hail stone & Stephenson (1961) that in C.australiensis 
migrations of small post-larva l stages also occur. General observations 
on .Q.kraussi in the laboratory indicate that the younger stages (2·· 5 rrnn 
carapace length) are stronger, faster sw immers than mature prawns. 
Experiments on burrowing abili ty (Part 1) a lso showed that prawns of 
these sizes are more effici ent at burrow construction and th is would be 
of importance in the distribution of the species. Hailstone & 
Stephenson (1961) also point out that in the case of adults, migration 
would probably be restricted to the fema l es as the large males are 
hindered in swimming by the large che lip ed. At Swartvlei equal numbers 
of males and femal.es moved up from the lower estuary into the channel 
but only females managed to move as far up as the lake (Fig . 19). 
In the e ast Kleinemond8 , of the 21 po s t-juveniles recorded, 12 ,·,er e :nale 
and 9 female. The overall impres s ion is thus one of movement in both 
sexes although femal.es may be able to migrate further. 
61 
3. Recruitment, growth and population densities in different areas. 
Recrui tment . 
Breeding seasons in ~.kraussi in the Swartkops and Klein~onde 
estuaries were sufficiently discrete to allow very marked increases in 
the proportions of juveniles in the populations at certain times of year. 
In the Swartkops estuary a very marked increase in the percentage of 
juveniles occurred in October/November 1972 (Fig. 20). This increase 
followed about 4 months after the June-July peak of ovigerous f~ales. 
A similar increase was found in October 1973 following a June-July peak 
in ovigerous f~ales. Additional peaks of juveniles occurred in May 
1972 and June 1973. The June 1973 peak followed the small summer 
breeding effort of November 1972-January 1973; the May 1972 peak 
followed a similar summer breeding effort in Nov~ber 1971-January 1972 
(Fig. 11). It is noticeable that the delay between winter (June-July) 
production of eggs and spring (October-November) appeara"ce of juveniles 
is about 4 months while the delay between summer production of eggs 
(November-January) and autumn-winter (May-June) appearance of young is 
5-6 months. The reason(s) for this are obscure at present. 
A similar pattern appeared in the Kleinemonde estuary. There were 
marked increases in the percentage of juveniles in November and 
December 1972 and again in September and October 1973. As in the 
Swa~tkops estuary the s e increases fol l owed 3-4 months after the large 
winter peak of ovigerous females. Smaller peaks of juve~i les occurred 
in June 1972 and June 1973 again preslli~ably following the smaller 
summer breeding effort. As in the Swartkops es tuary the delay be tween 
the January 1973 peak in ovigerous females and the subsequent appearance 
of young was 5 months as opposed to 3-4 months in spring and early 
su;mner. 
100 
80 
60 
40 
20 
80 
60 
40 
20 
Figure 20. 
62 
Swartkops 
Kleinemonde 
P 
I 
I 
I 
, 
, 
_4 J I_:ul 
J F M A M J A SON 
Percentages of ovigerous mature females (closed circles) 
and juveniles (open circles) in the Swartkops and 
Kleinemonde estuaries at different times. 
In Swartvlei peaks in ovigerous females in the l ake and lower 
estuary in October 1972 were follO\ved 4 months later by marked increases 
in the percentages of juveniles (Fig. 2l). In the channel egg 
production in February 1972 was only 1'o1101,ed by an increase in the 
percentage of juveniles in October. This increase was not due to 
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migration from any other part of the system since increases did not 
occur anywhere else at this time. Similarities to the Kleinemonde 
and the Swartkops estuaries thus did exist but within the Swartvlei 
system breeding. activity varied in different areaS and this resulted in 
differences in the percentages of juveniles in the three sampling areas 
at different times. 
The magnitude of recruitment is large in all areas. In November 
and December 1972 and again in October 1973 the populations in the 
Kleinemonde and Swartkops estuar ies consisted of 60-8~k juveniles. 
Results from Swartvlei were generally n ot as high although the popUl ation 
in the lake consisted of more than 60% juveni l es in February 1973 • 
. This does not take into account mortality which might have occurred 
between the hatching stage and the age at which this n ew generation was 
first collected. 
Growth. 
The sampling period in the Swartkops es tuary when both s ieve and 
pump were used was not suffici ently l ong t o allow one generat ion to be 
foll01-1ed from hatching to death. Histograms 1-5 in Fig . 22 illustrate 
the changes occurring in the popUlation s tructure following the major 
Hinter/spring breeding period. Histograms 5 and 6 show that the 
population structure was similar in March 1973 and March 1972 and thu s 
hi stograms 6-9 and 1-5 may be us ed to follow subsequent movement of 
the modes. Histograms 6 and 7 show the chang es occurring following 
the smaller swnrner breeding effort when a second generation of juveniles 
appears. Histograms 1 and 2 show h ow the growth of the females l ags 
behind when the l arger sizes are r eached. 
Although no juveniles ;]ere obtained dl1ring 1971. du e to the use of 
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the pump alone in collecting, Fig. 11 shows that hatching of larvae 
occurred in August-September 1971 and in December 1971-January 1972. 
Subsequent development of these two generations (designated A and B 
respectively) as well as the changes associated w'ith breeding occurring 
in the females, are stulunarised in Fig. 23. 
In gener ation A grO'<'th of males and females was similar from the 
time of hatchi.ng in August-September 1971 until they reached a carapace 
length of 6- 7 mm in May-June 1972. Growth of the females then slowed 
until September and this was associated with a period of ovary 
developm,ent. A little growth then occurred and a carapace length of 
8 mm "as attained in October. Males of generation A continued growing 
over winter and by October 1972 had a carapace length of 9 mm. In 
generation B which had hatched in December 1971-January 1972 both sexes 
gr ew at a siffiilar rate and by October 1972 the females had caught up 
to those of generation A. No ovary development appeared to occur in 
generation Band sWllmer breeding (November 1971-January 1972) only 
involved females of gel1eration A. The males of generations A and B 
then merged (November 1972) and reached their maximum sizes of 11--13 mm 
carapace in about February 1973. The females of gene'rations A and B 
had also merged and geaeral ovary development occurred, again associated 
with a slowing of grO'«th, from about October 1972 until January-February 
1973. Growth then resllmed and the females reached their maximum size 
of about 9 rmn carapace before the Hinter-spring breeding p eriod. In 
October-Dccembe!' 1972 further ovary deve lopment occurred in 9 and 10 mm 
carapace femal es i n dicating that they contributed to sUIIlIIler' breeding in 
November 1972-January 1973. Decreases in the numbers of large femal es 
(8-10 mm carapace ) were noted in November-December 1972 and again in 
February-March 1973. SimIlar decreases in the large females occurred 
in October 1972 to April-May ),9 73. Thi.s indicates that some females 
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were dying after the winter-spring breeding season and some after the 
summer breeding season while males died before the respective seasons. 
The life cycle of the two generati ons of g.kraus si can be summarised 
as follows: 
a) Prawns hatching during winter/spring (August-September). Males 
grow continuous ly reachi.ng a carapace l ength of 8-9 mm at the age of 
one year. Growth continues into the following summer and the maximum 
length of 11-1 3 mm carapace is attained in January-February. This is 
followed by death in the f ol l owing winter at an age of nearly two years. 
Females reach a carapace length of about 7 mm in their first year . 
Ovary development follows over winter with accomp anying lack of growth, 
They reach a length of about 8 mm carapace before breeding in early 
summer at an age of abeat 16 months. The ovary then re-develops over 
the rest of summer and a c~.rapace length of 9 mm is attained before 
they breed for the second time in the following winter at age of about 
2 years. A subsequent decrease in numbers of large females in spring 
indicates that this is the probable li fe-span. 
b) Prawns hatching during summer (December-January ) ' . Males grow 
continuously and at the age of one year have caught up the males 
hatched in the previous winter/spring . The maximum size of 11-13 mm 
car apace is attained after abou t 15 months and this generation then 
survives through the foUo>,ing winter before dying in about October at 
an age, as i.n tIle other males, of nearly tvlO years. Females grow 
at a similar rate to the males for the first year reaching ,8 rom carapace 
be~ore ovary deve l opment starts and growth s l ows. These females breed 
in winter for the first time at an age of about 18 months, After 
"inter further growth m:lj occur to 10 or occasionally 11 Irnll carapace 
length and the se can contribute to the summer breeding effort before 
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dying in February-March at the end of summer. Hailstone & Stephenson 
(1961) also found spring and summer generations in C.australiensis and 
suggested a similar life span of 2 years. In contrast, MacGinitie 
(1934) suggests a life span of "several" years in .Q.californiensis. 
It thus appears that females breed twice and, depending on the time 
of hatching, this may occur in summer followed by a winter breeding or 
vice versa. The increase in size in the females immediately before 
egg production indicates that moulting occurs at this time and that this 
may be the time of fertilization. This period also coincides with 
decreases in the number of large males. 
old males die following mating . 
Possibly S0me of these large 
In the west Kleinemonde estuary a similar pattern prevailed, 
although fluctuations in the breeding seasons and the at::ainment of a 
small er maximum size than in the Swartkops estuary m~de interpretation 
of the r esults more difficult. Fig. 24 shows how the population 
structure did change at times due to the app earance of new generations 
of juveniles and how progression of the modes could be followed to a 
certain degre e . Fig. 25 illustrates the progression of the modes and 
the growth of the different generations. Prmms hatching in July-
October 1971 ( generation B) appeared in the samples in November-December 
1971 and reach ed a carapace length of 6 nun by March 1972. Growth in 
the females slowed during ovary development and whilst they were 
ovigerous. l1eanwhile males grew to a carapace length of 6-7 mm by May. 
After the breeding season in Novemb"r 1972 further growth ensued and 
females attained a carapace leng th of 7 mm by December 1972. The 
small generation C hatched in Dec ember 1971-January 1972 and the 
juveniles app e ared in the samples in September 1972. The y rapidly 
merged with the generation B and growth 'vas difficult to follow. 
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Generation D appeared in the samples in November-December 1972 after 
hatching in August 1972. Males attained a carapace length of 8 rom by 
June 1973 while the females reached 6 rom in June 1973 and merged with 
the females of generation C. The females of generations C and D 
contributed to the winter/spring breeding of 1973. 
Kleinemonde is thus similar to the Swartkops estuary in having a 
major breeding season in winter and spring and a smaller one in summer. 
As in the Swartkops estuary this is associated with the maturing of two 
groups at different t~es of the year, and results in females breeding 
for the first time either in winter/spring followed by summer or vice 
versa. Although not as clear as in the Swartkops estuary there were 
indications of a decre&se in the number of large males before the 
winter/spring breeding seaSon and of a decrease in large females in 
November and December following the Winter/spring breeding season. 
In the Swartkops eatuary there is very nearly a 50:50 ratio of the 
sexes in each size class up to a carapace l ength of 9 rom (Fig. 26). 
Few fem a l es attained great er sizes with the result that the sex ratio 
changes and the males predominate until at 11 and 12 rom c&rapace length 
only mal. es occur. In the Kleinemonde estuary the picture is essentially 
similar although the sizes are different. Most fem a l es attain a 
carapace l ength of 6 rom after which growth slows or ceases and the y 
therefore predominate in this class. Males predominate in the larger 
size classes and the sex ratio changes markedly. 
The l. ength/Vleight relationship of the different size c l asses and 
sexes, both of juveniles and adults \vas similar in thp. Swartkops and 
Kleinemonde estuaries (Fig. 27). At a carapace l ength of 6 mm, 
hOV1ever, females from the Kleinemonde estuary dq not increase in weight 
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Figure 26. Percentage males in the different size classes in 
the Swartkops and Kleinemonde estuaries. 
as much as those from the SHartkops estuary. Males from the 
Kleinemonde and females from Swartkops follow similar curves but no 
Kleinemonde males larger than 9 mm carapace were recorded. The greater 
weight of Swartkups males than Swartkops females would have been 
associated with the greater development of the cheliped in the male. 
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Kleinemonde and Swartkops estuaries by means of a t-test indicated that 
none of the differences was significant. The most significant 
difference was obtained when 8 mm carapace females from the Swartkops 
and Kleinemonde were compared but the value obtained for t, 1,8096 
(df 90) was only significant at the 90% level. 
Although prawns from the Kleinemonde and Swartkops estuaries attain 
different maxumum sizes they require the same amount of time to do so. 
This indicates that growth in the Swartkops estuary is more rapid than 
in the closed Kl einemonde estuary. The results of an experimental 
comparison of growth rates in an open and a closed es tuary over a period 
of seven months are given in Table 11. 
Table 11: Comparison of growth rates in the Kowie estuary (open) and 
the east Kle inemonde estuary (clos ed ). 
Mean numbers and Tr?eights of 
prawns at s tart: 
Kowie 
12 x 3 mm Mean wt. 0,128g 
16 x 4 mm Mean wt. 0,2 95g . 
East Kleinemonde 
Males Females Juveniles Males Femal es 
Sizes Nos. Mean Nos. Mean Nos ,. Mean Nos. Mean Nos. Mean 
wt wt wt wt wt 
3 mm 1 0,063 
4 mIll 1 0,306 3 0,217 
5 mm 1 0,482 6 0,512 4 0,447 
6 mm 4 1,02 3 0,819 
Total 14 50% r ecovery Total 9 32% recovery 
Recovery from the open Kowi.e estuary was better than from the closed 
east Kl einemonde estuary. The single 3 rom cara.pace juvenile in the 
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east Kleinemonde estuary could possibly have moved into the box from 
outside. 
The amount of growth that occurred in the Kowie estuary was far 
higher than in the east Kleinemonde estuary. No prawns attained 
carapace lengths of 6 mm in the east Kleinemonde although 50% of those in 
the Kowi e river did so. Assuming that 3 and 4 mm carapace individuals 
grew to 5 and 6 mre r espectively in the Kowie estuary this repres ents 
a 2,8-4 fol d increases in weight ~7hile canparative figures from the 
east Kleinemonde estuary are 1,5-1,7 • In addition three ovigerous 
females as well as seven very young juveniles were r ecovered from the 
Kowie estuary box showing that conditions were favourable and grm<th 
had proc eeded far enough for breeding to occur. 
No data on temper ature in the substrate i.n the Kowie and east 
Kleinemonde estuaries are available but results from the Swartkops and 
west Kleinemonde estuaries indicate tha t t emperatures are unlikely to 
have been sufficiently different to have had any effect. The main 
differences between the t wo areas was that the east Kleinemonde .,as 
permanently c losed off from the sea by a sand bar across the mouth 
while the Kowie was p ermanently open and the prawns were in a tidal area. 
It thus appears that the greater. size and faster growth of .Q.kraussi 
in the Swartkops and Kowie es tuaries than in the east and west 
Kleinemonde es tuari es is in some way associated with access to the sea . 
Populat i on densities. 
The yield per 100 pump strokes, in terms of both numbers and "eight 
of prawns, was recorded in both the <lest Klcin"-'llonde a'1d Swartkops 
estuaries over the period March 1972-Scptember 1973 (Fig. 28) and 
compared (Table 12) by means of at-test. 
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Table 12: A comparison of the yields of ~.kraussi from the Swartkops 
and west Kleinemonde estuaries over the period March 1972-
Kleinemonde 
Swartkops 
September 1973. 
Mean yield (nos.) Range 
146 102-217 
210 62-344 
t = 3,083 (df 36) 
,005 <P<,OOl 
Mean yield (g) Range 
111 ,5 49-164 
192,2 98-263 
t = 4,385 (df 3 7) 
,001<P 
Significant at 99,95% level Significant at 99,95% level. 
There is thus a significant difference between these two areas • . 
On subsequent general surveys of a number of estuaries attempts 
were made to ascertain wh e the r ther e was a constant difference between 
open and closed estuaries. The results were extremely variable 
(Table 13). Although open estuaries yi elded a gre&ter mean number 
and weight the variation is so large that the differences were not 
statistically significant. 
Tabl e 13: Comparisons of yields of ~.kraussi in open and clos ed 
estuaries. 
Mean yield (Nos.) Range Mean yie ld ( g ) Range 
Open (9 estuaries) 167 70-306 146,4 71 ,5-286,6 
Closed (1 3 estuaries) 86 33-272 119,1 70,8-210,2 
During the complete isolation from the sea of the west Kleinemonde 
estuary over the l as t two years there has been a gl"adual decrease in the 
number of large ~ .kraussi. in the population (Tahle 14). 
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Table 14: Changes in numbers of large prawns in the west Kleinemonde 
over the period March 1971-September 1973. Numbers 
calculated as percentages within each sex. 
Carapace Mar ' 71-Dec '71 Jan' 72-Dec '72 Jan ' 73-Sept ' 73 
length and sex 
Male 9 rom 2,3 1,9 Less than 0,1 
Male 8 rom 27,1 16,4 5 
Female 9 rom 0,1 Nil Nil 
Female 8 rom 18,2 4,9 0,2 
Female 7 rom 31,6 28,9 13,2 
The results showed that while the maximum size reached in 1971 was 
smaller than in the Swartkops estuary, this maximum size decreased even 
further over the following two years ;lith successively fewer pr awns 
reaching carapace lengths of 7 rom and more. 
Comparison of the maximum sizes reached by prawns in open and 
clos e d estuaries showed that access to the sea was invariably associated 
with a large maximum size (carapace length of greater than 9 rom in 
both sexes). Prawns of this size were however recorded in a few closed 
estuaries, e.g. the Bot River in the western Cape and the Izotsha River 
at Shelly Beach in Natal. Both of these estuaries open to the sea 
every y e ar and it is possibl e that the size reducing effects found in 
the west Kl e inernonde which i s fr e quently isol"ted for long p eriods, 
ther efore do not appear. 
The difference in maximum siz e s in the S,,,artlcops and wes t 
Kleinemonde estuaries as well as the decrease in maximum size in the 
Kleinemonde was reflected in the numbe rs of females of different sizes 
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contributing to the total breeding effort (Fig. 29). 
Six rom carapace fem~les contributed a maximum of 1% to the breeding 
effort at Swartkops in 1971, 1972 and 1973. In the west Kleinemonde, 
the contribution of this size, already 15% in 1971, increased in 1972 
and 1973 to be tween 30 and 40%. In addition ovigerous females of less 
than 6 rom carapace length began to appear in late 1973. No ovigerous 
females of less than 6 rom carapace length had previously been recorded. 
Figure 29. 
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Discussi.on 
Co:op<1rison of the above results with those obtained for r e lated 
species indicated a number of unique features in C .kt"aussi. The numbe.r 
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ot eggs carried by f.kraussi is remarkably low. Pohl (1946) r ecorded 
8,170 eggs on a specimen of f.major and Devine (1966) found 660-1500 in 
f.filholi of New Zealand. Siegfried (1962) gives a range of two to 
four thousand on the other common South African thalassinid Upogebia 
africana. Pohl measured eggs of f.major and found Jimensions of 
0,88 mm x 0,74 mm (n = 45 from one female). In South Africa an 
ovigerous fem ale of f.gil christ i from False Bay had eggs 0,6 rom in 
diameter. It thus appears that f.kraussi may have relatively larger 
eggs (diamet er 1,2 mm) than other species of Callianassa. 
The second peculiar feature of f.krauss~ is the abbreviated larval 
life. MacGinitie (1914) reported that f.californiensis hatches as a 
zoea and pass es through a "cypris" stage before settling. Hailstone 
& Stephenson (1961) found 6 larval stages in f.austra1iensis, a pre-zoea 
followed by 5 larva l stages which spent 4-5 months in the pl ankton. 
Devine (1966) recorded a similar ser i e s in f.filholi in New Zealand. 
In his review of decapod larvae Gurney (1942) stated that there are two 
types of larva l development in the Callianassidae. Typ e 1 h as 5 
larval stages . Gurney gave f.subterranea as an example but this group 
would also include f.al1straliensis and f.filholi. These s pecies would 
be expected t o have a very small zoea I. Devine (1966) 6ave a tot a l 
l ength of 3 rom for first stage zoeae of f.filholi. Sandifer (1973) 
r ecorded a l ength of 2 ,79 mm (2,60-3,03 ~ for 10 specimens) for a first 
stage zoea from Chesapeake Bay which he attributed to C .bi formis . In 
Type 2 the number of 13rval stages is reduced. There are 3 in C.l a ticauda 
(=stebbingi) (Curney, 1942) while in cer tain Red Sea and Indian Ocean 
forms there are only two. These [anTis are also characterized by having 
undeveloped mouthparts. Unfortunately they "ere not identified by 
Gurney. Sandifer (1973) described a further series of two zOcae which 
he attributed to Q •. atiar,tica and places in Gurney's Type 2. The first 
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zoeal stage of this species measured 5,24 mm (4,79-5,56 mm for 10 
specimens). 
Q.kraus si has characters which it shares with both types. The 
length at hatching (5-6 mm) would place it in Type 2 when compared with 
the results of Sandifer (1973). The telson in ~.kr~ larvae is broad 
and convex, as in Gurney's (1942) Type 2 but the low number of smal l 
spines (9) on either side of the median spine of the telson is more 
similar to Type 1. Gurney (1942) and Sandifer (1973) give figures of 
7-8 on either side in Type 1 and 14-18 in Type 2. Gurney (1942) states 
that "three forms from the Red Sea" have four pairs of pleopods. Four 
pair s of pl eopods are present in the second stage larva of Q.krauss i. 
Gurney (1942) also claims that the mouth parts in these forms were 
Ilundeveloped" . Dissection of the mouthparts of Q.kraussi larvae showed 
that a full complement was present and there was no indication that they 
were lIundeveloped". 
It thus appears that there is a general tendency for certain species 
of Callianassa to show a reduced number of larval stages. The duration 
of these larval stages in other species is unknown. C.kraussi does not 
appear to fit into either classification and this leads tv questions 
of the validity of this separation. It would appear more likely that 
reduction of the larva l stages has occurred independently in different 
groups of cal.lianassids but further 'wrk would be r equired to clarify 
this problem. There i"ern ains , however , one feature in which .Q.J<raussi -..: 
may be uniqu e and that is the loss of the planktonic phase si.nce no 
mention of this was found in descriptions of other Callianassn larvae. 
Br.eeding periods in the different species of Callianassa cover 
vi rtually every season of the year. The northern hemisphere spec i es 
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~.californiensis in California (MacGinitie, 1934) and ~.jamaicense 
louisianensis in the Gulf of Mexico (Phillips, 1971) are both summer 
breeders. In the southern hemisphere, ~.filholi in New Zealand 
(Devine, 1966) breeds in spring and summer and Q.australiensis in 
Australia (Hailstone & Stephenson, 1961) mainly in autumn and spring. 
Assuming the cycle in the Swartkops and Kleinemonde estuaries to be 
typical, Q.krauss~ is similar to the other two known southern hemisphere 
species. 
Although Q.kraussi is apparently normally a Winter/spring and 
summer breeder, the results from the west Kleinemonde estuary usually 
differed slightly from the S'"artkops estuary (Fig. 11). There.were 
also marked fluctuations on the Transkei and Natal coasts and within the 
Swartvlei system. These all suggest that several factors may affect 
and modify the breeding season and the appearance of juveniles. 
Insufficient infonmation is available on conditions in Transkei and 
Natal estuaries to permit interpretation of the results obtained there, 
and nothing is known of temperature effects on breeding times. Appearance 
of young in different areas of Swartvlei at different times can be 
related largely to salinity l evels. 
The percentage of ovigerous females in Swartvlei varied erratically 
and the bes t indication of successful breeding in any area i s the 
presence of juveniles . (Fig. 30). The peak in the numbers of Juveni les 
in the lower estuary in August 1972 would have fo ll m; ed breeding activity 
3-5 months previously when conditions must haVE! been suitable. As no 
comparable increase in the percentage of juveniles occurred in the 
channel and lake, conditions y.:rere appal."en-tly unsui.table for breeding 
in these areas in December 1971-February 1972 but no data are available. 
After the mot!th was opened in August 1972, salinities in the lake rose 
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Percentage juvenil es in the populations of Q.kraussi 
in the estuary (crosses), the channel (open c ircles) 
and the lake (closed circles) of t he Swartvlei system . 
Cross-hatching above indicates periods when the mouth, 
was clos e d. 
rapi dly (Table 6) to over 20 0 /00 in October and December 1972. This 
permitt ed breeding and the popUlation consisted of 60% juveniles in 
February 1973 . Eggs of Q.krauss~ are generally unable to develop at 
o 
salinities much below 17,5 /00 although this species is frequently 
found at salinities below this level. Is extrusion of: eg85 by females 
at these 101,· salinities inhibited or are they damaged and lost aft er 
extrusion? Samples from SHartv lei lake in August and October 1972 
both contained 4570 of mature females with advanced ovary devel opme,!t . 
Over this period the number of fema l es shOl;ing indications of having 
shed their eggs rose from 28 to 38% Hhile the proportion of ovigerou s 
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females rose only from 4 to 13% . These figures indicate that eggs were 
being extruded despite the generally unfavourable salinity conditions 
and were then being lost. Although this would lead to considerable egg 
mortality it "ou ld probably also r esu lt in a selection of individuals 
tolerant of low salinities. 
One of the important roles of planktonic larvae is that of dispersal. 
Although Q.kraussi has lost its planktonic phase, dispersion still 
occurs and h as been taken over by the post-larval but sub-adult stages. 
This probably accounts for the presence of Q.kraussi in areas where l ow 
salinities preclude breeding and in addition has meant that the spread 
into low salinity areas has been more pronounced than would otherwise 
have been possible since the post-larval stages are less sensitive to 
low salinities than the larval stages. 
Whil e 1m, salinities would limit the distribution of e.kraussi in 
the restrict ed environment of an estuary , temperature variations would 
have a much broader effect and could control the gecgraphical distribution 
of the species. 
Surface temperatures r ecorded in the three study areas ranged from 
12 to 300 e but at a depth of about 50 em in the sand this range was 
o 
reduced to 14 to 26 e. No comparabl e data are available from the 
limits of the range of Q '~2ussi on the west and east coasts but it may 
be assumed that the substrate will have an insulating effect, mcderating 
both winter low temperatures on the west and summer high temperatures 
on the east. The tolerance of the adults has teen shown to cover the 
o 
range from 10 to 30 e but the more significant featur e would be the 
tolerance of the deve loping eggs. It has been shOl,n experimentally 
tha.t a development period of 30-33 days at 20 0 e is more than tripled 
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o 
at 13-15 C and would probably cease altogether at lower temperatures. 
At 24_25 0 C development is possibly slightly accelerated but the 
percentage of successful hatchings is reduced. Temper ature extremes 
on the west coast could be avoided by summer breeding but a sample from 
Langebaan on the west coast in February 1972 contained no ovigerous 
females and 48% juveniles indicating that breeding had already occurred. 
On the east coast high temperature effects could be circumvented by winter 
breeding but in a sample from Kosi Bay in January 1971 36'7. of the mature 
females were ovigerous. This suggests some shift in temperature 
tolerance in these two areas but could also explain the absence of 
Q.kraus s~ from the warmer r egions of the east coast and the cooler parts 
of the wes t coast. 
Populations of Q.krau ssi in the west Kleinemonde and Swartkops 
estuaries di ffered in the maximum sizes reached and in the rate of 
growth whi l e the further reduction in the maximum size reached over the 
durati on of the sampling period indicated that there is an additional 
long term effect associated with a loss of access t o the sea. 
Despite the reduction in the maximum size r eached by pra>ms in 
the west Klein emonde there did not appear to be any change in the 
return per unit effort as determined by the weight of prawns per 100 
pump strokes (Fig. 28). This suggests that although conditions are in 
some way changing and affecting the population structure they have not . 
yet affected the tot al mass of prmms present in the estuary. With I _ 
progressive reduction in maximum size there will be an effect on the 
breeding effort as smaller females carry fewer eggs and consequently 
recruitment will be recluced . An increased number of females breeding 
could compensate for this, but, as can be seen from Fig. 20 there is no 
evidence for this and the system would have to be monitored for a number 
of years to obtain any definite indication. 
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The increasing number of newly matured females breeding and the 
precocious production of eggs by females previously considered immature 
has parallels in other animals although no information on any crustacea 
could be found. Martin (1966) has shown that the lake trout Salvelinus 
namaycush is affected uy the diet. Poor feeding resulted in reductions 
in growth rates and longevity as well as in age and size at maturity. 
Although no changes in longevity and age at maturity have been found 
in f.kraussi in the west Kleinemonde, it is notable that while 
reduced growth rates and size at maturity have been found to be responses 
to poor diet in fish, similar responses in f.kraussi have been found to 
be associated with a loss of access to the sea. This suggests that 
the sea may be an important source of nutrient for f.kraussi. 
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PART III 
OSMOTIC, IONIC AND VOLUME REGULATION IN CALLIANASSA KRAUSSI 
Introduction 
Despite the occurrence of tha1assinid burrowing prawns in a variety 
of habitats throughout the world, including estuaries and bays subject 
to salinity fluctuations, v ery little is known of their osmoregulatory 
capac ity. In an early r eview Gross (1957) gave no data but concluded 
that members of the genus Callianassa are osmo-conformers. Lockwood 
(1962) and Kinne (1963) both considered this genus to be capable of 
ionic and volume regulation but incapable of osmotic regulation. 
Subs equent investigations by Thompson & Pritchard (1969) in California 
supported this assumption . They showed that although Callianassa 
californiensis could survi'~-e in salinities o of 9-10,5 /00 and .the New 
Zealand .£.filho1" in 12_140 /00 both speci es showed only slight 
ioni c and no osmotic regulation. 
In South Africa £.kraussi is found in sheltered bays and open 
estuaries under mar ine or virtually marine salinity regimes but it 
also occurs in the small closed estuaries which are a feature of the 
south-eastern coast of Africa. In these latter habitats C.kraussi 
---_.-
frequently has to cope with long periods of low salinity conditions. 
In addition, r a::'nfa ll is erratic and floods may fill the estuary 'vith 
fresh water causing sudden reductions in salinities, even in l arge open 
estuaries. During the course of thi s study .£.kraussi was recorded at 
salini.ties as l ow as 10 /00 in the upper Keurbooms River . Day (1951) 
gives a kn~Nn salinity range of 1,25-59,50 /00. C.kraussi is thus 
----
capable of living at these salinities for l ong periods and is ab l e to 
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cope with sudden fluctuations within this range. This indicated a 
marked degree of euryhalinity and it seemed unlikely that this wide 
degree of tolerance was not associated with some osmo-regulatory ability. 
Hyper-regulation in low salinities involves the ability to maintain 
the blood hyper-osmotic to the external medium. In crustacea this is 
usually done by maintaining the blood salt content at a high level 
although the ratio of the different ions in the blood will frequently 
differ from that of the medium. Hyper-regulation also involves the 
ability to cope with the osmotic inflow of water which results from 
the differing concentrations of blood and medium. 
This osmotic infl cw of water in mar in e animals transferred from 
sea water to dilutions is accompanied by an increase in weight. This 
phenomenon has be en known for many years and has been most extensively 
studied in brachyurans. Hukuda (1932) foU""ed weight changes in the 
crabs Portunus puber, ~.?epu~) Carcinus maen&s, ~ sguinado, and 
Cancer pagurus and speculated on the means by whi ch a new equil ibrium 
was attained. In general, weight changes of crabs in dilutions were 
found to be relatively small (Gross 1957) . This is to be expected 
since crabs usually have a rigid body wall and any swelling wou ld result 
in either damage to the gills or expansion of the joints with a 
resul ting hindrance of locomotion. Not all decapods have a body wall 
as rigid as the average crab and recent work by Davenport (1972a) on 
volume changes in some British anomura has shcywn that significant 
weight changes do occur in species such as 'porcell.ana platycheles, 
R .1ongicornis and Pagurus bcrnhardus. Si.nce g.kraussi is also an 
anomuran and is also a comparatively ,oft-bodied decapod it "as thought 
possibl~ that significant weight changes could occur in this species. 
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Davenport (1972a and 1972b) also demonstrated a unique method of 
coping with osmotic inflow of water in E.. bernhardus • In this species 
water -entering through the gills is directed into the abdomen which acts 
as a Tlswelling reservoirTr and protects the rest of the animal against 
the mechanical effects of water inflow. This mechanism worked 
adequately as P. bernhardus i·s either sub-tidal or inter-tidal on marine 
shores and would never have to cope with low salinity conditions for 
longer than a few hours during low tide. 
Thompson & Pritchard (1969) pOinted out that CO:ltact between 
Callianas sa californiensis and the surface water was minimised by its 
burrowing habit and that this may protect it from transient low salinities . ' 
This study was thus begun with an investigation of the i mportance of the 
substrate in protecting g.kraussi against sudden drops in surface 
salinitie"s. Since the substrate cannot prO'~.rid e an indefin i te insulation 
against these low salinities, the response of .Q.kraussi to the osmotic 
inflow of water and the efficiency of the volume regulating organs was 
investigated by following weight changes of prawns in dilutions of sea 
water. In addition the possibility that g.~r~~ may use the abdomen 
as a swelling reservoir when exposed to low salinities in a similar 
fashion to the hermit crab Pagu"tls bernhardus was investigated. In 
view of the marked degree of euryha1inity displayed by g.kraussi it 
was decided to determine the normal blood osmot ic pressure, sodium and 
chloride levels of prawns in sea water (35 0 /00) and to follow any changes 
that occurred in t h ese parameters during accli.mation to di lutions of 
sea water. Additional detenninations ~vere done after equilibrium was 
attained. Since acclimation to di.lutions of sea water involves both 
uptake of water and loss of salts this was followed by an investigation 
of the areas of the body through Hhich water uptake occurred, and also of 
th e routes of salt loss and their relative importance. 
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Methods 
a) Salinity changes in the substrate. 
The significance of the substrate in shielding ~.kraussi against 
sudden drops in salinity levels as well as the effect of C.kraussi on 
salinity changes in the substrate were investigated in the following 
manner. A perspex tank 60 em x 9 em x 60 em deep was constructed with 
a vertical series of taps 10 em apart at one end. The tank was filled 
(to a depth of 35 em) with clean beach sand collected in the intertidal 
zone. The surface sea water was then siphoned off and replaced with 
20 em dep th of tap water whi ch was run in onto a plas tic bag so that 
minimal disturbance of the sand was caused. Vigorous aeration 'was 
provided so that no salinity layering in the surface wat er occurred. 
Salinity changes in the substrate were monitored by analysis of senples 
of water taken from e ach tap and from the surface over a period of 20 day s . 
This experiment was then repeated but 30 f.~raussi were allowed to 
construct burrows in the tank before introduction of the tap water. 
A record was kept of the number of open burrows in the tank during the 
exper iment • 
b) Volume Regulation. 
Developmen t of the various problems associat"d with volume 
regulation required initial clarification of the organs involved in 
this function. The green gland or antennery gland is generally assumed 
to be the main organ involved in volume regulation in decapod crustacea. 
This was checked in the case of C .kraussi in the f ollOl"ing manner. 
o Three batches each of 5 pralm, previou s ly kept in sea water (35 /00) 
for one week at 20°C were uSed. Each animal was dried on a tUNel and 
then wi th tissue paper and I,eighed. In the first batch both anus and 
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urinary pores were painted over with nail varnish; in the second only the 
anus was painted over while in the third only the urinary pores were 
painted over. All three batches were then transferred directly to a 
salinity of 9% 0. At hourly intervals the prawns were removed, dried 
and weighed. -The weights were combined and the means determined. The 
mean increase in weight was then expressed as a percentage so as to simplify 
comparison of the three batches. Possible side effects of the nail 
varnish were checked in a sham experiment. Two batches of eight and nine 
prawns respectively were used. The first batch was untreated but those 
in the second each received a spot of nail varnish on the thorax. After 
weighing, each batch was transferred directly from 35 % 0 to 9% 0 and 
subsequc~tly dried as above and weighed at hourly intervals. 
The significance of urine production in voltnne regulation was 
inves tigat ed by comparing the increase in weight of untreated prawns with 
prawns having blocked urinary pores after direct trans fer from 35 % 0 t o 
Weight increases in 9% 0 after blocking the urinary pores "ere 
also compared in prawns previously acclimated to this diluti on for a week 
° and in prawns transferred directly to this salinity from 35 /00. Finally 
weight increases in prawns acclimated to salinities of 35,26,17,5,9, 
° and 3,5 /00 were compared after blocking the urinary pores. 
A longer t erm investigation of weight changes in untreat ed prawns 
° after direct transf er from 35 to 9 /00 was also made . Prawns were 
removed, dried and weighed at increasing intervals for a period of 
eight days. 
Finally the possible use of the abdanen by g. krauss i as a "SHelling 
reservoi r " to cope with osmotic inflOlv of water in 1m., salinities in 
a manner sjnlilar to that found by Davenpor t (1972b) in .!:.~~ 
bernhardus was investigated. ° Ten C.kraus s i from sea water ( 35 /00) 
93 
were ligatured between thorax and abdomen. They were then dried and 
o 
weighed and transferred directly to a salinity of 9 /00. The increase 
in weight was then compared with weight increases in untreated animals 
in the same dilution. In the second experiment· four batches each of 
ten prawns were exposed to salinities of 35,26,17,5 and 90 /00 for 12 
hours. They were then removed, dried, weighed and the abdomen ligatured. 
The thorax was cut away and the isolated abdomen weighed. The contribution 
of the abdomen to the total weight was then calculated. 
c) Osmotic and ionic regulation. 
Prawns used for blood analyses were collected in the Swartkops and 
Kleinemonde estuaries except for one occasion when a batch was collected 
o 
at a salinity of less than 1 /00 in the upper Keurbooms River estuary. 
Prawns used for monitol.-ing changes in blood osmotic pressure, soditml and 
chloride foll owing direct transfer from sea water to salinities of 26, 
000 17,5, or 9 /00 were first kept at 35 /00 and 20 C for at least one week. 
Similarly pr awns collected at different salinities in the field or 
acclimated in the laboratory were kept in the final dilution at 200 C 
for at least one week b e fore blood analyses were performed. 
o Dilutions of sea water were made up using sea Hater (35 /00) and 
glass di s till e d wat er. In early experiments prawns were placed in 
containers Hith sufficient sand for burrow construction in vi eliT of 
Ma cGinitie's statement (1934) that C.californiensi s s oon dies if they 
ar e kept whe re the si des of the body are not in contac t with some objec t. 
This was subs equently found not to hold in the case of .Q.krau s si and 
thus prawns were kept in glass di sh es "ith no sub s trat e . 
Blood samples were taken after prawns had been rinsed with 
dis till e d water and then dri ed, first on a t owel a. . d then "ith ti s sue 
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paper. Blood was collected using 4,5 mm diameter glass tubes 4-5 em 
long with a sharply tapered point at one end. The other end was 
inserted into a rubber tube provided with a glass mouthpiece. Actual 
collection of a sample was done by inserting the sharp end of the tube 
into the pericardium immediately behind the carapace. Care was 
required to prevent puncturing of the gut and any discoloured samples 
were discarded. In most cases blood immediately welled up into the 
tube but at times gentle suction was required. Large prawns - those 
with a carapace length of 8 rom or more - usually provided sufficient 
blood for a complete analysis of osmotic pressure, sodium and chloride 
but in the case of smaller prawns, two or three of the same size and 
sex were used .and the blood pooled. Blood was discharged from the 
collecting tube into small glass tubes sealed with parafilm. The 
blood did not clot and was not treated in any way before analysis. All 
analyses were done on the cay of collection. Five blood samples were 
taken frern different animals in each dilution. 
Determinations of osmotic pressure werE'. done using a Hewlett-Packard 
Model 301-B Vapour Pressure Osmometer. Chloride and sodium were 
determined after suitable dilution using an American Instruments Co. 
Inc. Auternatic Chloride Titrator and an Evans Electro-selenium Ltd., 
Flame Photometer respectively. 
d) Water and salt exchange. 
l,n1en prawns ~Tere kept in shallow water a marked inverted meniscus ';'las 
noticeable ,.here the water surface touched the sides of the animal. This 
waS ta!<en as an indication that the general body surface had hydrophobic 
prop ert ies and was more or less impermeable to water. An attempt was 
made to define the areaS through which passive inflow of 'vater occurred 
in salinity stressed aGimals~ 
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It was assumed that the general body surface, apart frmn the gil l s, 
is similar. Two batches of 10 prawns, previously kept in sea water 
The first batch was dried in a towel and 
then on tissue paper, weighed and the urinary pores blocked with nail 
varnish. Each prawn in the second batch was tightly ligatured between 
abdmnen and thorax and the thorax cut away. The isolated abdmnens 
were dried and weighed. Whole animals as well as the isolated abdomens 
were transferred directly into a salinity of 9%0 and removed, dried 
and weighed at hourly intervals. 
Uptake of water by drinking or via the anus was investigated by 
leaving live prawns in sea water (35 0 /00 and 90 /00) containing methylene 
blue. Prawns were removed and diss ected at intervals to check on the 
penetration of the dye into the gut. Previous experiments showed 
that isolated fore-guts took up the dye very strongly. 
It was assumed that salt loss to the medium on transfer to dilutions 
of sea water would occur via both the urine and the gills, and experiments 
were carried out to assess the relative importance of these two routes. 
Analysis of urine was carried out on prawns in salinities of 35 , 26, 
17,5, 9 a .and 3,5 /00. Transfer to 26, 17,5 and 90 /00 was direct. 
o 0 Prawns to be transferred to 3,5 /00 were initially transferred to 9 /00 
for 21, hours. All were exposed to the final di lu tion for one week, at 
Pra,vns used for urine analYSis were rinsed briefly with 
distilled water and the area round the urinary pore dried carefully with 
tissu e paper. Urine production cou ld at times be stimulated by 
touching the raised pore area with a "arm prob e as descr ibed by 
Thmnpson & Pritchard (1.969). The apparatus used fo': blood collection 
was us ed except that the tapered end of the glass tube was placed over 
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the pore and gentle suction exerted. At no time was the tube inserted 
into pore. This precluded the possibility of contaminating the urine 
with blood. After collection the urine was blown out under liquid 
paraffin in a wax-lined watch glass. The wax prevented the urine 
from sticking to the glass. The quantities of urine obtained were 
very small and the only analyses done were of the freezing point 
depression following the method of Ramsay & Brown (1955). Blood 
samples from the same prawns were also collected and the freezing point 
depressions of blood and urine in different dilutions of sea water compared. 
In the case of very low urine yields, urine fram two or more prawns was 
pooled; in this case the blood samples were also pooled. 
Comparative losses of sodium via the urine and the body surface on 
transfer to dilutions of sea water were then investigated. The theory 
behind the method was basically sjmilar to that outlined by Davenport 
(1972a) in his ",ork on _~orcell ana platycheles and Pagurus bernhardus. 
However while he deterffiined the salt l os t from the animals to the 
medium with a conductivity me ter, in the present study salt loss was 
investigated by following the increase in activity in a dilut e washing 
out medium after the prawns had been loaded wi th 22Na in sea water 
o (35 /00). 
Two dilutions of sea water were used, the first consisting of 
o 0 9 /00 and the second of 9 /00 but in which the osmolarity was raised 
a t o that of 35 /00 by audition of sucrose. In the first medium -
a 
which had a salinity of 9 /00 - an animal trilnsf erred directly from 
a 35 /00 ,,'auld be exposed to both an ionic and an osmotic gradient. The 
i onic gradient should result in a loss of salts, including sodiwn, via the 
general body surf ace while the osmotic gradient would result in an inflow of 
,,·ater which would have to be rentovedc It t"as assumed that this removal 
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of excess water would also result in some sodium loss. In the second 
dilution the prawn would be exposed only to an ionic gradient since 
the osmolarity of the medium and the body fluids would be similar. 
This would result in a salt loss only via the body surface without the 
additional urinary loss. It was hoped that comparison of the 
respective loss rates in the two media wou ld give an indicat ion of the 
significance of both the urine and the general body surface in sodium loss. 
Similar sized prawns of 6 and 7 mm carapace l ength wer e used. 
After collection in the Swartkops es tuary they were kept in 35 0 /00 in 
h 1 b 200C. tea oratory at 22 NaCl from the Radiochemical Centre Ltd., 
Amersham was then added to a litre of sea water in a pneumatic trough 
. so as to produce a total activity of about 45 microcuries. The 
amount of sodium chloride added was too small t o have any effect on the 
osmotic pressure of the loading solution. Twenty~five prawns were then 
placed in this loading medium for 4 days and the dish covered over to 
redu ce evaporation. No aeration was provided but the loading solution 
was only 3 ~4 em deep and thus oxygen l evels should have been adequate. 
No deaths were recorded during the loading period. After the loading 
peri od the prawns were removed, rins ed r ap idly with sea water , dried 
as in previous experiments, weighed and trans ferr ed to the experimental 
dishes each containing 50 m1 of med ium. Five of t hese dishes contained 
90 /00 and five contained o 9 /00 plu s sucrose. Two or three prawns 
making up a tot al weight of 1,3-2 g were placed in each di sh. 
Immediately. after introduction of the prawns a 200 )'l sample was t aken 
from each dish using an Eppendorf pipette with disposable tips. Thes e 
samples were used for background counts. Count ing was done in g l ass 
sci.ntillation vials containing 10 m1 of a fluor consisting of 8 g PPO, 
0,2 g POPOP , 2 1i toluene ~,d 1 li Triton . Each vial wa.s count ed over 
three periods each of ten minut es using a Beckman Mode l LS··133 liquid 
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scintillation system and the mean count recorded. The activity of 
the washing out media was moni tored by taking 200 )11 samples at 3 hour 
intervals and relating it to the weight of prawns used. The increasing 
activity in the washing out media was plotted arithmetically and the 
gradients of the bases of the two curves compared. This was then 
expressed as increases in ac·tivity of the wash out medium per unit 
weight of prawns in the two batches and used to compare the importance 
of the body surface ruld the urine in salt loss. No attempt was made to 
quantify the fluxes precisely as all that was of interest was the 
relative rate of loss of sodium in the two media . 
Resu lts 
a) Salinity changes in the substrat e , 
In a substrate containing no g.kraussi, salinity changes at depths 
greater than 10 em were neg l igible after a period of 20 days (Fig. 31) . 
When prawns were present salini.ti es dropped rapidly throughout the 
substrate (Fig. 32). After 2 days salinities had equilibrated to a 
depth of about 25 em. After a further 6 days equilibration h ad occurred 
throughout the tank. The number of open burrows over the whole period 
of the experiment, including the period before the tap water was 
introduced, varied from 3-5. It appeared that the normal activities 
of the prawns prevent the substrate from acting as a shi e ld against 
l ow surface salinities . Similar numbers of burrmvs were open at a ll 
times and there was no apparent effort to reduce contact wi.th the surface 
water. Although g.kraussi may not actively pump l o-w salinity wat er 
through the burrow, movement of prawns through the burrow system would 
cause a gradual exchange of water. 
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b) Volume regu lation. 
Preliminary experiments showed that when the urinary pores were 
blocked there were marked sustained increases in weight over the duration 
of the experiment (Fig.33). Where only the anus was blocked there was 
a slight increase over the first hour but no further increase. These 
results suggested that the green gland is the main organ involved in 
volume regulation. Comparison of weight increases of untreated prawns 
and prawns with a spot of nail varnish on the thorax (Fig. 34) showed 
that the nail varnish did not affect the rate of water uptake and it 
was considered safe to use in subsequent experiments where the urinary 
pores were blocked . 
When prawns are transferred directly from a salinity of 3S o /00 to 
o 9 /00 there is an uptake of water as shown by an increase in weight (Fig . 3S ), 
which is more sustained than in pra",ns in which the anus was blocked off. 
If the urinary pores are blocked the increase is more than double that of 
untreated animals. This suggests that urine production is an important 
factor in volume control. If the prawns were previously acclimated to 
a salinity of 9 0 (00 before blocking the urinary pores there is still an 
incr e as e in weight indicating inflow of water ( Fig. 36),. but the weight 
increase is l ess rapid than in non-acclimated prawns indicating that 
some change has occurred resulting in a reduced rate of osmotic inflow 
of water. Further investigations of the rate of increase in weight in 
acclimated prawns in media between 3So (0·0 and 3 ,So /00 after blocking the 
urinary pores sho,,'ed that, although the rat e of increase was always less 
than the figure of 6% of the body weight per hour found in non·.acclimated 
o prawns in a salinity of 9 (00, there was a steadily larger uptake of water 
in the lower sal ini ties (Fig. 37). This shows that although acclimation 
does affect the rate of water inflow into the pra\m, increasing dilutions 
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Increase in ""eight in .Q.krau ss i after direct transfer from 
350 /00 to 90 /00: a) «ith anus and urinary pores blocked 
(closed circles); b) with urinary pores blocked (crosses) 
and c) with anus blocked (open circles). Each point i s mean 
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circles) and b) in pra,ms with a spot of nail varnish 
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indicate range. 
Vertical lines 
6 
140 
130 
+J 
..c: 
00 
.,., 
'" !> 
'"" 
'" ~ .... 
00 
.... 
'" 0 
""' 0 
'" 
120 
00 
'" +J r:: 
'" <) 
'" '" 0-
<II 
'" 
+J 
..c: 
00 
.... 
'" :>0 
110 
100 
Figure 35 . 
104 
____ ~----_----_~I------~--~------~ 
1 2 3 4 5 6 
Exposure time (hours) 
° Increase in weight in .Q.kra~ after direct transfer from 35 /00 
to 9%0: a) in untreated prawns (closed circles , n = 9) and 
b) in prawns with blocked urinary pores (open circles, 11 = 11). 
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comparison, weight increases in gO /00 after direct transfer 
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still result in a greater rate of osmotic inflow of water and a 
consequent greater rate of urine production. 
o Long term adaptation by untreated prawns to ' a salinity of 9 /00 
after direct transfer :rom 35%0 involves an initial rapid rate of 
'increase in weight over the first 8 hours (Fig. 38) due to osmotic 
inflow of water. Urine production apparently accelerates and eventually 
exceeds the rate of water inflow. The increase in weight is followed 
by a steady decline in weight over the next five days until the original 
level is attained. However the decline in weight continues and the 
final steady l eve l appears to fall be:ow the original level. 
Davenport (1972b) found that a ligature between the thorax and 
abdomen in ,Pagurus bernhardus markedly reduced the weight increase 
when animals "ere transferred direc'tly from 350 /00 to 21 % 0 because 
the ligature prevented water entering through the gills ' from being 
diverted into the abdomen. A similar experiment on g.kraussi using 
ligatured and untreated prawns sho"ed tha t the ligatur e , if anything, 
tended t oo increase the rate of water uptake (Fig. 39). Although 
the means of the two batches were similar the greatest increases were 
all recorded in ligatured prawns. Davenport found that the abdomens 
of l'..bernhardus, after batches of animals had been exposed to media 
ranging from dist illed water to twice sea water, contributed a greater 
amount to the total weight of the animal in increasing dilutions. 
This was due t o the greater amount of water entering the animal and 
being diverted into the abdomen in the lower salinities. 'The resu I ts 
of a similar experiment on .£.kraussi (Fig. 40) shm,ed that there was 
no clear trend with decreasing salinities. It thus appears that no 
mechanism comparable to that in R. ber!l.hardus exists in .£.kraussi~ and 
volume regulation is accomplished by the gearing of urine production to 
the rate of water infl0,'. 
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Weight changes in C.kraussi (n = 11, clos ed circles) after direct transfer from 35%0 to 9%0 
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Weight increases in Q.kraus~ after direct transfer 
o 0 from 35 /00 to 9 /00: 1) with ligature between 
thorax and abdomen (n = 9, open circles) 
2) untreat ed (n = 8, closed circles). Vertical 
1 ines indicat e range. 
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c) Osmotic and ionic regulation. 
After determining the blood osmotic pressure and sodium and 
chloride concentrations in sea water the changes occurring on direct 
transfer to salinities of 26,17,5 and 9%0 were each followed. 
In 26%0 (Fig. 41) the osmotic pressure, sodium and chloride in the 
blood all dropped to levels similar to the medium in the first 24 hours 
and subsequent changes were negligible. In 17,5%0 (Fig. 42) ionic 
stabilization was virtually complete after the first 24 hours and there 
was only a slight subsequent decrease up to 8 days. The sodium and 
chloride levels did not drop to the l~vel of the medium. The osmotic 
pressure of the blood in 17,5% 0 dropped rapidly over the 
first 24 hours and then more gradually, only stabilizing after about 
8 days. In ° 9 /00 (Fig. 43) there was a very marked initial 
undershoot in osmotic pressure, sodium and chloride levels after the 
first 24 hours although, 20 in 17,50/00, these parameters did ~ot drop 
to the level of the medium. Following this undershoot there was a 
rapid recovery and the osmotic pressure had reached a new stable level 
after 2 days. Blood sodium and chloride also recovered rapidly, and 
apparently more quickly in the case of sodium. This possibly indicates 
a better control of this ion than of chloride. 
The results obtained above after stabilization had occurred in 
26,17,5 and 9%0 were then combined with results obtained from 
natural popUlations in the Kleinernonde and Keurbooms estuaries so as 
to give an indication of blood osmotic pressure, sodium and chloride 
levels at a variety of external concentrations. 
Over the range 35 0 /00 to 21 0 /00 C.kraussi is isosmotic (Fig. 44). 
Hypo- regulation was not investigated in any detail but the single set 
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o 0 direct transfer from 35 /00 to 26 /00. Initial results 
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~ 
~ 
~ 
Q) 
... 
" '" 
'" Q) 
... 
0. 
1000 
900 
800 
.~ 700 
'-' o 
~ 
o 
." 
o 
o 
.-< 
.0 600 
9 
.... 
." 
o 
'" Q) 
." 
.... 
... 
o 
.-< 
-5 
." 
o 
o 
.-< 
'" 
500 
400 
300 
113 
f-! '~t 
_______________ * ______ :o:sm~o~t~i~c~p~r:e:s:su~r:e ______________ ! 
I I 
\ 
\ 
\ \ 
. \ 
\ \ 
\\ 
\\ \t- -Q - -- _,l 
·t-·-&-· -. _~ ~~~ _~ = ----~- -- -
._. --·9- ._. -So-d-i~--· -- ._ . - ·-t 
Choride 
-------¢ 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Exposure time ( days) 
Figure 42. Changes in blood osmotic pressure (cross es ), chloride (open 
circles ) and sodium (closed circles) in Q.kraussi following 
direct transfer from 35%0 to 17,5%0. Initial results 
indicate values in prawns in 35 % 0. Each point i s the mean 
of 5 determinations. Vertic.al lines indicate range. 
~ 
~ 
~ 
OJ 
" 
1000 
900 
800 
~ 700 
<Il 
OJ 
" 0. 
o ,,., 
., 
o 
~ 
o 
't:> 
o 
o 
,...., 
'" 
~ 
' ... 
't:> 
o 
<Il 
OJ 
't:> 
' ... 
" o ,...., 
-5 
't:> 
o 
o 
,...., 
'" 
600 
500 
400 
300 
200 
.\ 
\ 
i\ 
'\ \ 
'\ \ 
'\ \ 
, \ 
114 
\ , ' __ - - _ Chloride 
. -~'-'" -- - - - - -- -- -- ----
Sodium 
rl 
.J 
"" ! ...,J 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Exposure time (days ) 
Figure 43. Changes in blood osmotic pressure ( crosses), chloride (open 
circles) and sodium (closed circles) in ~ .krauss~ following 
o 0 direct transfer from 35 /00 to 9 /00. Initial results 
indicate values in prawns in 35%0. Each point is the mean 
of 5 det.erminations. Vertical lines indicate range. 
1300 
1100 
::;; 900 
o 
o 
,..., 
.0 
~ 
<II 
Q) 
,..., 
o 
~ 
o 
I 
'rl ,..., 
,..., 
700 
i! 500 
300 
" 
100 
Figure 44. 
300 500 
115 
Isosmotic line 
Approximate line followed by 
C . cal i forniensis (after Thompson & Pritchard, 1969) 
700 900 1100 1300 
Mi l li-osmoles (medium) 
Blood osmotic pressure as a function of medium osmoti c 
pressure a Each point is the mean of 5 dEterminations. 
Verti cal lines indicat e range. 
1500 
'0 
o 
600 
500 
o 400 
..... 
.c 
..... 
..... 
...... 
0-
'!l 
§ 300 
..... 
'0 
o 
'" 
200 
116 
Iso-ionic · 
line 
Approximate line followed by 
C.californiensis (after 
Thompson & Pritchard, 1969) 
+ 
100 
Figure 45. 
200 300 400 500 
Sodium mEq/li medium 
Blood sodium as a function of medium sodium. 
Each point is the mean of 5 determinations. 
Vertical lines indicate range. 
of results obtained at a salinity greater than normal sea water 
indicated a lack of any hypo-regulatory ability. In salinities 
o less than 21 /00 g.kraussi r egu lat es hyp er-osmotically, maintaining 
600 
the blood osmotic pressure at a level equivalent toa salinity of 17-21 0 /00 
in external salinities down to 3,50 /00. The blood osmotic pressure 
then drops rapidly. Comparative results for g.californiensi s 
(Thompson & Pritchard, 1969) indicate a lack of any hyp er-r egulatory 
ability but it is interesting that the lowest blood osmotic pressures 
measured (300 m Osm.) were similar despite the large difference in 
osmor egulatory capacity. 
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At salinities greater than sea water and down to about 21 0 /00, 
sodium (Fig . 45) appears to be regulated slightly hypo-ionically. 
o Below 21 /00 regulation is hyper-i onic but, as in the case of the blood 
osmotic pres sure, regulatory ability deteriorates rapidly once sodium 
has dropped to 10% of its sea water concentration. ~.californi ens is 
again shows no regulatory ability and in this case the lowest blood 
sodium leve ls recorded in the t wo species differed slightly. 
Chloride regulati on (Fig. 46) differs from osmotic pressure and 
sodium regulati on in that regulation at ext ernal salinities above 21 0 /00 
is markedly hypo-ionic. There is again marked hyper-regulation in 
o 
salinities b e low 21 /00 which decreases once chloride in the ext ernal 
medium has dr opped to 10% of its sea water concentration. Hypo-ionic 
chloride regu l at ion in ~.californiensis is more marked than in ~.kr·aussi. 
No hyper-r egulatory abil ity was found by Thomp son & Pritchard (1969) 
in ~.californiensis but as in the case of the blood osmotic pressure, 
the lowest blood level s recorded in the two species are similar. 
These results show conclusively that g.~raussi is a strong hyper-
regulator. Thompson & Pritchard (1969) recorded that while g.californi ensis 
can tolerat e dilutions down to 9 .. 10,50 /00 it lacks any regulatory 
ability. They also showed t hat the New Zealand ~.!ilholi can tolerate 
o 
salinities only down to 12- 14 /00 and suggest that it cannot osmoregulate. 
g.kraussi i s thus distinct from other known species in the genus. 
Sodium chloride makes a very similar contribution to the tota l osmotic 
pressure of sea water (867.) and to the total osmotic pressure of the 
blood of g,kraussi (85 ,7%; n = 10) in sea Hater (35 % 0). Acclimation 
by .Q'~~ to dilutions of sea water is characterbed by initial 
fluctuations in the contribution of sodium chl or i de to the blood osmotic 
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pressure. 
Exposur e time (days) 
Changes in blood sodium/chloride ratio after direct transfer 
from sea water (35 0/00) to dilutions. Arrow on y~axis 
indicates blood sodium/chloride ratio in sea water. 
There did not, however, appear to be any clear pattern in 
these fluctuations and the means of the eventval contributions of sodium 
chloride to the total blood osmotic pressure in 26, 17,5 and 9%0 
were between 86,5 and 88,5%. Thus in lowered salinities sodium chloride 
contributes only very s lightly more to the total blood osmotic pressure 
than it does in sea wat er. 
In addition to changes .occurring in the contribution of sodium 
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chloride to total blood osmotic pressure, marked changes occur in the 
blood sodium/chloride ratio following direct transfer from sea water 
to dilutions (Fig. 47). Changes in the sodium/chloride ratio in 26 0 /00 
o 
and 17,5 /00 are relatively slight although they both suggest an increase 
in the proportion of sodium. In 90 /00 where ~.kraussi hyper-regulates 
strongly at equilibrium , the increase in the proportion of sodium was 
far more marked and in addition did not return to the original level. 
In sea water the ratio of sodium to chloride is 0,86:1. In the 
blood of prawns in sea water (35 0 /00) this ratio is slightly different 
(0,89:1). Fig. 48 shows that, in ~.kraus s i acclimated to diluti ons of 
sea water, the ratio rises as the osmotic pressure of the medium falls, 
indicating that the proportion of sodium to chloride increases . ' These 
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results suggest that in dilutions of sea water g.kraussi is better 
able to regulate sodium than chloride although why this should be so 
is unknown at present. 
d) Water and salt exchange. 
Weight increases in prawns with blocked urinary pores were much 
greater than in isolated abdomens in 90 /00 (Fig. 49). This showed 
that more water moved into the cephalothorax than into the abdomen. 
The body wall of the abdomen is thinner than that of the cephalothorax 
since tl,e ventral surface of the cephalothorax is heavily calcified 
to support th e limbs while the dorsal surface of the cephalothora~ is 
a single solid continuous structure. The proximal part of the· abdomen 
is thin walled to permit ventral flexing of the body, while the dorsal 
surface consists of a series of tergites connected by &rthrodial 
membranes . There are more arthrodial membranes associated with the 
appendages of the cephalothorax than with the pleopods, but the pleopods 
themselves represent a large surface area. Although the abdomen thus 
has a generally thinner surface than the cephalothorax, the finding ti,at 
more water moved into the thorax indicates that th e most permeable area 
of the body lies in the gills. These structures Lave to be thin 
walled and have a large surface to fulfil their roles as respiratory 
organs and they are therefore ideal areas for wate" uptake and salt loss 
in dilutions. 
Although the gills are highly significant! in water uptake, the 
possibility sti 11 existed that drinking of the medium contributed to 
this uptake . Dissections of live prawns previously placed in sea 
water and dilution s of sea water containing methylene blue sho,!cd that 
traces of the dye appear in the fore - gut and hind- gut only after 24 hours. 
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This showed that drinking of the medium was negligible and consequently 
that uptake of water by this route could be disregarded. Similarly, 
anal uptake of water was negligible. This sugges t s that bl ocking of the 
anus did not reduce the uptake of ,Tater on direct trans f er from 35 0 /00 
to 90 /00 and the reason f or the- difference be tween un treat ed prawns and 
prawns in which the anus was blocked i s unkn own at present. 
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Figure 50. Freezing point depressions of blood (closed circles ) 
and urine (open circles) at differ ent external saliniti es. 
Investigations of the routes of sal t loss in C .kraussi were 
begun \-.Tith measurements of the fr-eezing point depressions of hlood 
and urine in different salinities. The resu lts (Fig. 50) 
shm",c1 that blood and urine were isosmotic a t all 
124 
external salinities. As urine production rates of up to 6% of the 
body weight per hour were recorded . this implied a large loss of salts 
via the urine .. Attempts were thus made to partition salt loss via the 
urine and the general body surface where the gill's would be the most 
important area. 
A comparison of the loss of sodium via both urine and body surface 
22 
and body surface alone , based on rates of loss of Na from loaded 
prawns into two different washing out media is given in Fig. 51. In 
90 /00 where sodium los s wou ld have occurred via both the body surface 
and in the urine the increase in activity of the medium was far more 
marked than in 90 /00 plus sucrose where sodium loss was only via the 
body surface since there was no osmotic gradient . Comparison of the 
slopes of the basal parts 'of the curves showed that increase in activity 
o in 9 /00 was about 60 count s per rnim.:te/gram wet weight of prawn/hour, 
while the cor r esponding figure in 90 /00 plus sucrose was 34 cpm/g/hr. 
This indicated that thp sodium loss rat e in 90 /00 was roughly double 
that in 90 /00 plus suc~ose and consequently that sodium loss in the 
urine and via the gills was similar. 
Discussion 
The initial finding that salinity changes in the substrate were 
negligible at dep ths greater than 10 em when no prawns were present (Fig. 1) 
agrees with results obtained by Alexander (1932) and Reid (1932) on the 
rivers Tay and Tees. They found that fresh "ater flowing 'over mud and 
sand banks at. low ti de had little or no effect on salinity levels at 
depths of about 30 em. The results obtai ned in the present experiment 
indicated that no changes occurred at even shallm",r depths but: this 
was not a flowing water system. Equilibration between interstitiol and 
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Exposure time (hours) 
Increases in activity of 
a 
wash out media: 1) sea water 
diluted to 9 /00 (cl osed circles) ; o 2) 9 /00 plus 
o 
sucrose to give osmol arity equivalent to 35 /00 (open 
circles). Each point i s the mean of 5 determinations. 
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overlying water occurred rapidly when prawns were present (Fig. 32) 
inip1ying that the burrowing habit in this species does not necessarily 
provide protection against sudden changes in surface water salinities. 
Thompson & Pritchard (1969) suggest that the absence of a well formed 
burrow system in Q. californiensis provides a shield against low surface 
salinities, although Upogebi·a pugettensis which has open burrows is not 
insulat ed in this way. Hill (1971) found that Q.africana wi ll pump 
water of a l ethal salinity through the burrow. It appears that the 
more tolerant euryhaline species Q.kruassi, Upogebi a africana and 
Q.pugettensis wi ll pump l ow salinity water through their burrows but 
not C.californiensis which has no regulatory powers. 
Exposure to low salinity conditions has two immediate effects: 
• 1) the r e is an osmotic inflow of water and 2) ther e is a loss of salts 
to the medium. The osmotic inflm., of water occurs prim'lrily via the 
·gills and resul.ts in a measurable increase in weight. On direct 
transfer from 35 0 /00 tu a 90/00 dilution the weight of Q.kraussi with 
blocked urinary pores increased at a rate of about 6% of the body 
weight per hour (Fig. 35). Untreated prawns transferred directly fr~fl 
35 0 /00 to 90/ 00 increased in weight at a rate of about 3% of the body 
weight per hour. This suggested a urine production rate of 3% of 
the body weight per hour . This rate of water uptnke is similar to 
that found by Davenport (1972a) in Porcellann £latycheles on transfer 
In both !:.£..l atychc l es and ,<:: .krauss ~, the 
responsE: to entry of water "as rapid, and at no time did weight increases 
in untreat ed animals compare with those in an"imals with blocked urinary 
pores. This i mplies a rapid rise in the rat e of urine production 
in response to some stimulus which could possibly be a redu c tion in 
blood concentrat ion or an incre~se in voltnnc due to entry of water. 
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Weight increases in ~.kraussi on direct transfer from 350 /00 to 
90 /00 reached a maximum after abou t 8 hours (Fig. 38) but blood 
osmotic pres sures and associated sodium and chloride levels reach their 
minimum l evels only after 24 hours (Fig. 43). This sugges ts either 
that salt loss continues after the volume regulatory mechanisms have 
begun to overcome the osmotic inflow of water or that blood osmotic 
pressur e, sodium and chloride h ave already begun to recover after 24 hours 
and the l evels measured do not represent the minimum values. Thi s 
would require further investigation. 
Th£ marked undershoot in 90 /00 did not occur in o 0 26 / 00 and 17,5 /00 
(Figs . 41, 42 and 43). The minimum bl ood osmotic pressure, sodium 
o 
and chloride levels recorded in 9 /00 represent a drop to l ess than 
half of their values in 330 /00, although not to the l evel of the 
surrounding med ium. The ext ent of the changes which occurred in the 
blood in 90 /00 when compared with the practically negligible flu ctuations 
in weight indicated that the reductions in blood osmot i c pressure, 
sodium and chloride were not due to a flooding effect but to salt loss . 
Salt l oss occurred v ia both the gills and the urine. Loss via 
the gills is simply dm'll a concentration gradient but loss via the 
urine would be more complex. The urine in ..Q.!<raussi and in ..Q.californiensis 
(Thomps on & Pritchard, 1969) is i sosmotic with the blood in all external \' 
salinities and in the case of f,.californiensis is i so- i onic with resp ect 
to chloride. Reduced salt l evels in the urine of crustacea are only 
kn01'll in fresh '·Tater species including c rayfish, atyid shrimps and 
some garnmarids. It is ther efore probably safe to assume that blood 
and urine sodium and chloride ar.e is o~ionic in .9.okr~. Salt l oss 
via the ur.ine i s thus due to an inability to pr.oduce a hypotonic urine; 
thus when an increas ed amount of urine is voided to cope with the 
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osmotic inflow of water in low salinities there is a considerable 
accompanying salt loss. 
As shown by the tracer studies soditnn loss through the gills is 
about equal to the loss via the urine. Comparative figures in other 
crustacea are. few; in most species so far studied the urinary loss 
of ions constitutes only about 10% of the total loss (Eriocheir 
sinensis 14%, Krogh 1938; Astacus pallipes 10%, Shaw 1959a; Potamon 
niloticus less than 5%, Shaw 1959b). More recent work by Lockwood 
(1965) has shown that when the urine and blood are isosmotic, urinary 
sodium loss in Gammarus duebeni may ac~.ount for 80% of the total loss. 
The only work on anomura is that of Davenport (1972a) who found that 
urinary salt loss accounted for almost 7570 of the total salt loss in 
Procell ana p1atycheles and . .. Pagurus bernhardus. It seemS significant 
that most of the species showing a low rate of soditnn loss in the urine 
spend either all, in the case of Astacus paJ.U.pes (Shaw 1959a ) and Potamon 
niloticus (Shaw 1959b) or part, .In Er iochei r sinens is (Krogh 1938), of 
their lives in fres h water. Gammarus duebeni is exceptional in being able 
to produce both an isosmotic or an hypotonic urine but both Davenport's 
work and the present study .'ere done on species more typical of higher 
salinities. The ability t o reduce salt loss in the urine is characteristic 
of br ackish or fresh water crustacea which have shown some ability to cope 
with excess water inflow e ither by r e duced permeability (Potamon nilotic:u§.., 
Shaw 1959b) or by production of hypotonic urine a s in the fresh water crayfish. 
The increased urine floC[ combin ed with salt loss via the gills in 
dilutions results b oth in the removal of excess water and a l so in a 
reduction in the concentration of salts in the blood. This reduces 
the osmotic gradi.ent between meditnn and blood and consequently also 
the rate at which wat er will flow into the prawn and thus ultimately 
1 
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the rate of urine production. P.rawns acclimated to dilutions down to 
. 0 
3,5 /00 produce less urine than prawns immediately after transfer from 
Nevertheless Fig. 46 shows that the 
lower the salinity to which the prawns are exposed the greater the 
amount of urine produced. Prawns in 35 0 /00 and 26 0 /00 are isosmotic 
with the medium and urine pr·oduction amounts to less than 1% of the body 
weight per hour, a figure which agrees with results given by Parry (1960). 
o Acclimated prawns in salinities lower than 20-21 /00 regulate hyper-
osmotically and consequently there is still an osmotic gradient along 
which wat er will tend to flow into the prawn. Urine production in 
o 0 9 / 00 and 3,5 /00 thus increases to c. 3,5% and 5% of the body weignt per 
hour respectively. 
Are animals acclimated to dilutions able in some. way to reduce 
their permeability to water, or are the differences in the rat e of 
urine production simply due t o a reduction in the os~otic gradient between 
blood and medium with a consequent reduced rate of water inflDl<? Prawns 
o 
acclimated to 3,5 /00 maintained the blood concentration at a level 
equivalent to a salinity of about 21 0 /00 which involves a concentration 
difference between blood and medium equivalent to about 400 m Osm. 
Prawns transferred directly from 35 0 /00 where they are isusmotic, to 
o 9 /0 0 have to cope with an immediate concentration difference between 
blood and medium equivalent to about 750 In Osm. This explains to a 
large extent the difference between the respective rates of increase 
in urine output. Data concerning a reduction in water permeabil ity 
are generally sparse and contradictory. Smith (1967, 1970) c l aimed 
that Rhithropanopeus harrissi and ~~ !!.:?~ were able to reduce 
their pC'.rmeabi.li ty to water in low salinities but Rudy (1967) found no 
evidence of reduced penneabilU.:y in PaJ~~.~ varlans nor in 
Carcinus ~.~. Hannan & Evans (1973) fo·Jnd an ability to reduce 
• 
130 
permeability in Limulus polyphemus but not in Penaeus duorarum nor in three 
species of Uca. It would appear that the whole problem of water 
permeability requires further investigation. 
The response to t~ansfer to low salinities involves more than 
simply a reducti on in blood osmotic pressure, sodium and chloride levels. 
Before a new stable level is attaine d, marked changes have occurred in 
the contribution of sodium chloride to the total blood osmotic pressure 
and the sodium/chloride ratio (Fig.17) while acclimation to new low 
salinities results in new sodium/chloride ratios. Ionic stabilization 
occurs fairly rapidly being virtually complete within two days (Figs 41, 
42 and 43) but total osmotic stabilization may require up to a week. 
This suggests that whereas ionic regulatory mechanisms can be mobilized 
rapidly there is some longer tel1ffi adaptation occurring which is 
associated with smalle., slower changes in blood osmotic pressure than 
occur over the first 48 hours . This could be associated >lith changes 
in some non-ionic. osmotically active particles in the blood, such as 
amino-acids. 
The loss of the salts in the urine and through the gills must be 
compens ated by an active upt ake mechanism. In the absence of any 
evidence of drinking or anal uptake it must be assumed that this salt 
uptake occurs through the body wall, probably through the gills. 
Acclimation to Im-.r s alinities would thus be associated with an 
increased rate of salt uptake, a phenomenon previously unknown in the 
genus Cal li anassa although common in many brackish and fres"h water 
crustaceans. 
It can be cOClcludcd therefore that the southern Ah:ican speci es 
of Callianassa!! .Q •. ~...f'i is a curyhaline species cBpab l c of hyperosmotic 
regu l atio!1 althou gh apparently not of hyporegulation. 
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PART IV 
CONSERVATION MEASURES 
Introducti on 
Conservation implies the rational use of any particular resource. 
The need for conservation measures in the case of C .kraussi has only 
really come about during the last four or five years because of changing 
methods in collection of this species. Prior to the advent of the 
prawn pump this animal was collected by digging. Digging is not only 
an inefficient method of collecting thi s animal but is also extremely 
tediou s due to the effort required to excavate near the water table and 
to examine l a rge quantities of sand. No comparative f i gures are 
available on the amount of prawns taken in the various areas before 
and since the development of the prawn pump, but discussions with 
fishermen and general observat i ons suggest that the u se of .Q .kraussi as 
a bait organism has expanded tr&~endously in areas where once it was 
barely known. This has necessitated a consideration of available stocks 
of .Q.kraussi and the fonnu lation of conservation measures based on a 
knowledge of the general biology of this species . 
Present Bait Regulati~ 
Present regulations as dralm up by the Department of Nature 
Conservation of the Cape Province forbid the use of spades in estuaries . 
.Q.kraussi may only be collected by using a prawn pump. The number 
of prawns which may be collected is limited to 70 per person per day. 
There is no l imit on size or sex. Areas in which collecting of prm.;rns 
is prohibited do exist in a [C~7 estuaries and C.kraussi collected in one 
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estuary may not be used for bait in another estuary nor in the sea. 
These regulations suffer from two obvious shortcomings. Firstly 
there is no restriction on the number of bait diggers and secondly 
the figure of 70 does not appear to be based on avaiiability of prawns 
but simply on the number tha·t one angler might find sufficient for a 
day's fishing. 
Aspects of the biology of C.kraussi of significance in conservation. 
The present study revealed several facts which are relevant to 
conservati on . The first import.ant aspect relates to distribution, 
since the restriction of this species to areas of sheltered water means 
that along the southern African coast it is predominc..ntly estuarine. 
Offshore populations are known to occur in False Bay and Algoa Bay but 
the extent and density of these populations are unknown. They do 
suggest, however, that offshore populations could be expected in other 
areas. The significance of these populations in providing reserve 
stocks is uncertain at present. The burrm<ing habit and lack of any 
planktonic larval stage, despite the degree of mobility of the juvenile 
stages, suggests that there would probably be little contact between 
adjacent populations. It would, however, be of importance to estab lish 
.... ,hether exchange does occur between estuarine and offshore populations . 
If this exchange were very small, this would i.mply that recovery of a 
heavily exploited area would have to come frem within that population 
and not from outside ~ It would thus probably be very slow. This 
compares with the situation in the blood worm Arcnicola where the larval 
stage is only planktonic for a few hours Clnd consequently dispersal is 
limited. This species, which is also exploit3d for. bait) has been 
call1pletely eliminated from some sout.hern African estuar i es. 
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A second important factor is the distribution within any particular· 
estuary or bay. C.kraussi is largely restricted to areas sheltered from 
wave action and strong tidal currents. Consequently, although it can 
occur throughout a closed estuary it cannot do so. in an open one. The 
nature of the substrate can also exert a limiting effect. 
The distribution of ~.kraussi in an estuary does not appear to be 
depth limited; thus it can extend below the 1m; tide mark and be shielded 
against the activities of bait diggers. This of course will only be 
applicable in the few areas which are deep, are not subject to tidal 
currents and do not have a muddy substrate occupied by Upogebia africana . 
Apart from physical features of estuaries , the nature of the population 
itsel f must also be considered. Thi s r e fers particularly to aspects 
such as breeding potential, recruitment of juveniles to the population 
and the times of year when most collecting is done in relation to the 
breeding seasons. The sampling program has shown that the nllinber of 
eggs produced by females of this species is comparatively low, and also 
that the proportion of mature females carrying eggs seldom exceeds 40%. 
Nevertheless, the recruitment of juvenil es to the popu lation is large and 
may consti tute 60- 70% of the population at certain times of the year. 
This implies that populations could probabl.y stand a large amount of 
exploitation. The relation between breeding season and maximum collecting 
effort by anglers is also relevant. The amount of collecting varies 
from area to area; for example in the Swartkops es tu ary near Fort 
Elizabeth collecting is more or less continuous over the whole year. 
However in areas like the Kleinemonde estuary which is more i .solated, 
exploitation tends to be limited to summer holiday periods. Since the 
main breeding effort occurs during late winter and early spring with a 
very much smaller peak duri.ng late spring and SUI'!U>1(!r this me ans that in 
many are as abs ence of collectors will. afford a deg r ee of protection to 
the stocks during the )j'.a:ln breeding senson. 
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Q.kraussi must attain a minimum carapace length of 6- 7 mm before 
they are of use to anglers. In the west Kleinemonde estuary prawns 
reach this size in their first year and a maximum of 7-9 mm at an age 
of about 2 years. In the Swartkops estuary a carapace length of 
7-8 mm is attained after one year and a maximum of 8-10 mm in females 
and 11-13 mm in males after about 2 years. It was shown in a previous 
section that Q.kraussi can breed at the age of one year but that the 
maximum contribution to the breeding effort occurs after the first 
year at a size which is exploited by anglers. 
The results of the sampling program and the visits to other 
estuaries showed that the numbers of Q.kraussi varied greatly during 
the year in the Swartkops and Kleinemonde estuaries as based on the 
number of prawns obtained'per unit effort. Despite this, the weight 
of prawns per unit effort remained more constant. Yields from the 
Swartkops estuary were consistently heavier than those from the Kleinemonde 
estuary. Collections from other areas likewis e showed that there were 
marked variations between different areas. Thus a limit of 70 prawns 
per person per day might have a negligible effect in one area but a 
very marked effect on another, and when this is combined with differences 
in collecting pressure it becomes obvious that blanket restrictions of 
the type presently applied are inadequate. 
Conservation measures thus have to be drawn up with due regard to 
the distribution of Q.kraussi both along the coast and within estuaries, 
to the variations between different areas , to the breeding seasons 
and finally to the demand by anglers for the largest available specimens 
of .Q . kr~ssi. 
135 
Suggested conservation measures 
It is obvious that conservation measures are of little use unless 
it is possible to enforce them. A number of suggestions wil l thus be 
made, beginning with what could -be considered the 0F~imum situation 
and progressing through les s satisfactory but more practical solutions. 
The obvious optimal situation is to have c~~plete control of all 
bait removal activities with no independant collecting allowed. This 
would allow exact records of r emovals to be maintained and deteDminations 
of the flux in catch per unit effort to be followed. This would 
probably be the most effective method in conservation of stocks and, 
in view of the ease with which the larval stages are r eared in the 
laboratory could ultimately be combined with a restocking program in 
heavily fished areas. 
Wh ether col l ecting was completely controlled or not, an accompanying 
measure would be the use of- a rotation system of collecting with 
alternate open and closed areas. 
A rotation of closed areas would be based on the fact that 
.Q.kraus si has an initial growth period of one year followed by maximum 
breeding during the second year. Only two closed areas would ue 
requir ed so that a prawn bed could be divided into two. 
areas would be closed alternately for one year periods. 
These two 
The r at ional e 
behind this system is that in anyone closed area in a particular year 
breeding would occur uninterrupted and would be follm<ed by the 
appearance of a generation of juveniles. l,rhen this area is opened 
to collectors during the follOt,ing year the juveniles would be maturing 
but would still be too small to be of interest to anglers. On the 
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other hand the generation that had bred during the previous year would 
be available for coll ection. In the following closed year the juveniles 
would now have reached an age of about 12-15 months and would breed 
during that winter and be avai lable during the following open year. 
Such a system would enoure that . ther e was ah.ays one undisturbed 
portion of the breeding stock. Catch limits should be r etained and 
possible r eductions could be applied in areaS with small populations. 
Ar eas permanently closed to bait collection exis t in some estuaries. 
This can b e us e d as an alternate method of conservation since it involves 
easier control. Migrations from thess closed areaS would re-populate 
dep l eted areas, but ~70uld have to be chosen to ensure that accessibility 
exists between the two ar eas. It is obvious that closed areas have to 
be selected with care and'also with due regard to other species that might 
exist in the same area and also be of use as bait. The alternat i ve of 
rotating closed areas for one year periods however is probably·a more 
effective method of control. 
It is apparent that with the pres ent information, the measures 
suggested above relate simply to the conservation and maintenance of 
stocks of ~.kraussi. The long term effects of collecting and the 
effects of pumping on the juveniles are unknown. 
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DISCUSSION 
One of the aims of this investigation was to clarify some of the 
factors affecting the distribution of Q.kraussi in southern Africa, and 
it has been shown that this is controlled in a number of ways. The 
geographical range is probably largely temperature controlled. In this 
regard the eggs and larvae would be the critical stages as they are 
more sensitive t o 1m. and high temperatures than the adults. This would 
limit further expansion on the west and east coasts of southern Africa. 
Within estuaries and bays distribution may be limited by increasing 
coarseness of the substrate or by sand and water movement or both. Lm. 
salinities at the heads of estuaries do not necessarily limit the spread 
of Q.kraussi despite the inability of this species to breed at salinities 
o below c.17 /00, if the pop'ulations can be maintained by immigration 
from elsewhere. 
An aspect which has not be en inves tigated in the present study is 
the nature of the interaction that exists between this species and the 
other common southern African burrowing thalassinid prawn Upogebia 
africana. 
-----
Wooldridge (1968 ) shm.ed that Q.kraussi. was able to burrm. 
in a wide range of substrate types including that inhabit ed by .!:!.afrl.cana , 
and the presence of Q.kraussi in muddy areas ,.hen U.africana is absent 
has been commented on by other workers. Millard & Scott (1 953) noted 
that "at Milnerton and Hcrmanus (where .!:!.africana does not occur) 
Q.kraussi abounds in muddy sand, vlhereas at Knysna jt occurs in sand 
being replaced in muddy sand by the mud-prawn .!:!.african~". Hacnae 
(1957) working on the S.rartkops estuary discussed the distribution 
of .Q.krau ssi 1j.Thich occurred near the mouth and near the tidal limit but 
only sporadically in between. He suggested that the occurrence of 
.!:!.africana precluded colonization by Q.kraussi. 
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The factor which results in the mutual exclusion of C.kraussi 
and ~.africana is possibly related to their respective habits. It 
is generally accepted that U.africana is a filter feeder (Hill, 1968) 
constructing relatively simple U- or Y-shaped burrows with very little 
subsequent burrowing a~tivity. On the other hand Callianassa species 
are generally assumed to be "sand sifters" (Day, 1951) picking up their 
food from the sand during their burrowing activities (MacGinitie, 1934; 
Devine, 1966). Workers such as MacGinitie (1934) have also commented 
on the extent to which the substrate is turned over by the burrowing 
activities of Callianas sa species. A densely populated ~.kraussi area 
with its numerous cones of sand has a~ entirely different appearance to 
an ~.africana area whe:ce each burrow has only a small lip. The 
continual burrowing activities of ~.kraussi would interfere with the 
more sedentary habits of ~.africana. Hill (1968) has shown that ~.africana 
is an energetic defend:::r of its burrow. In C.kraussi this reaction 
is absent, apparently due to its constant likelihood of intruding into 
some other burrow. The habits of ~.kraussi are such that interconnec ted 
burrows would not interfere with its way of life but an interconnected 
system would possibly n ot suit a filter feeder such as ~.africana. 
We can thus see a possible rationale for the exclusion of C.kraussi 
from ,Y:.africana areas but the actual mechanism of this exclusion would 
require detailed long ~erm investigation. 
One aspect of the life cycle of ~.krau~i which deserves further 
discussion is the reduced l.arval life and the loss of a planktonic 
phase. Thorson (1950) reviewed the different larval types· and larval 
development in marine benthic invertebrates and pointed out that large 
numbers of small eggs are generally associated with a l ong planktonic 
larval life. Convers<.ly, production of a small number of l arge eggs 
as found in C .kraussi is associated with a reduced plankton:i.c phase and 
l 
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the hatching of the eggs at a later stage in the development of the 
young. It is generally accepted that planktonic stages and the 
period of settlement are vulnerable phases in the life cycle and the 
production of large numbers of eggs is required to offset the mortality 
that occurs at these periods •. The extent of the mortality in some 
species is indicated by Ayers (1956) finding that in the lamellibranch 
Mya arenaria survival of only .0013% of the larvae is required to 
maintain the population. Thus reductions in the planktonic phase 
would be expected to confer some advantage on the individual. Thorson 
(1950) reviewed the conditions under which reduction or loss of the 
planktouic stages in the life cycle occurred and the whole subj ect has 
been more recently discussed by Mileikovsky (1971). Their conclusions 
were very general although they concluded that there was a tendency towards 
a decrease in the number bf species having pelagic development from the 
equator to the Poles and from shallow water to greater depths. 
Reduction of the larval stage is fairly common in freshwater species, 
for example in the crab Potamon niloticus (Gurney , 1942). In 
congeneric estuarine and freshwater species, the estuarine form may 
retain the full series of zoeal stages while these may be absent or 
reduced in the freshwater form. This is well illustrated in Australian 
crabs of the genus Hymenosoma, in which the estuarine !!.paralacustris 
has indirect development with three zoeal stages while the freshwater 
.!:!.lacustris has direct development (Lucas, 1969). Reduction of the 
larval stages does not, hatlever, necessarily occur in fresh l-\Tater and 
some species of Atyidae, for example, have long ser;.es of larvae (Gurney, 
1942) . 
The genus .Callianassa as a whole does not fall into anyone of 
these categories . Gurn"y (1942) states that. reduction in the number of 
larval stages is found in Callianassids fram the Red Sea but does not 
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specify the species. Fishelson (1971) lists three species from this 
area, all from shallow water. Reduction has thus occurred in a 
tropical area and probably in shallow water. This trend is opposite 
t o that described by Thorson (1950) and Mileikovsky (1971). We are 
thus left wi th Gurney's (1942) statement that while ~bbreviated larval 
lives are found in most decapod groups there is no clear connection 
between habitat and duration of larval life. 
How does E.kraussi fit into this picture? Hailstone & Stephenson 
(1961) recorded up to 90% of mature females ovigerous at anyone time 
in C.australiensis and Devine (1966) up to 80% in E.filholi both of 
which have long planktonic phases. The maximum proportion of ovigerous 
mature females recorded at one time in E.kraussi was only 40%. Despite 
this comparatively low figure the populations of C.kraussi in the west 
/ 
Kleinernonde and S~.;rartkops estuaries at times consisted of 60-80% 
juveniles as opposed to a maximum of ~·O- 50% on E,australiensis. It 
thus appears that the loss of the planktonic phase in E.kraussi and 
the fact that they do not emerge at all from the parznt burrow during 
the larval period has conferred a marked advantage on the species. 
It has also allowed the production of a comparatively small number of 
eggs. 
The nature of the stimulus which initiated a trend towards 
reducti.on of the larval phase in gckraussi is unccrtain~ especially 
since other species in the genus have retained it . If the reduction 
originally occurred in the sea, it would have acted as a pre-adaptation 
to an estuarine enviromnent where the marked difference in sensitivity 
to 1m" salinities between larval and post- larval stages would presumably 
be a factor tending to favour the further reduction in duration of the 
larval stage. Any factor which ,,,ould lessen vulnerability to sudden 
decreases in salinities would be of advantage to species living in <-:stuaries ~ 
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One of the results of the loss of the planktonic phase is an 
increased stability of the population. This was first shown by 
Thorson (1950) on same benthic invertebrates in Danish waters in 
comparisons of the fluctuations in weight per square metre of species 
with pelagic and non-p~lagic development. This was s ubsequ ently also 
demonstrated in the thalassinid Calocaris macandreae off the 
Northumberland coast of England by Buchanan (1963). Although females 
of this species produce an average of only 38 eggs the population 
density remained virtually constant at 18-20 animals per square metre 
over a period of 2 years. As recorded above , although the population 
density of Q.kraussi does flu ctuate widely the yield in weight per unit 
effort fluctuated by only about 50% of the mean value which compares 
well with Thorson's (1950) figures for stable populations with non-
pelagic development. 
The results from the present study emphas ize the importance of the 
burrow in the life of g.kraussL MacGinitie (1934) has listed the anatomical 
features of ~ . californiensis associated with its burrmving existence and 
these features appear to be common to all species of Callianassa. The 
life cycle and habits of Q.kraussi indicate a far stronger association 
with the substrate and the burrow than is the case in .!:!.africana. 
This association starts in the early stages >Then the newly hatched 
larvae remain in th e parent burrm<, unlike the planktonic larvae of 
Although this would reduce the mortality associated with 
a planktonic stage as already discussed, it does not appear to provide 
significant protection against 1m., surface saliniti e s as sh'own in Part III . . 
The post-larval stage is capable of burr Dl< ing and it is apparent that 
a dispersal phase is still important in th., life cycle since this 
function j.s taken over by thes e post-larval phases. These stages are 
mor e toler ant of low s aliniti es than are the larvae and thus are able to 
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migrate into lower. salinities than would be possible if the larvae were 
the dispersal phase. In addition these stages are also more efficient 
swimmers and burrowers than the adult s and thus better able to fulfil 
the function of dispersion. Once established in a burrow, ~.kraussi is 
far more dependent on the substrate than ~.africana which uses the burrow 
primarily as a shelter, depending for its food supply on what it can 
filter out of the water which it pumps through the burrow. On the 
other hand ~.krauss i obtains its food from the substrate although Devine 
(1966) maintains that some food is carried into the burrow of ~.filholi 
in New Zealand by respiratory currents. 
The route by which ~.kraussi has invaded estuaries is not precisely 
known at present. Hill (1968) has shown that in the genus Upogebia, 
there is a succession frOm ~.capensis which burrows in the open sea 
and which occurs in the int ertidal zone on rocky shores where it burr ows 
in sand-filled crevices, to ~.africana which burrows in mud banks in 
open estuaries. It is probably safe to assume that Callianassa 
evolv ed as a burrovler in sheltered waters in the sea from where it 
invaded the sheltered wat ers of estuaries. Offshore populations of 
~.kr aussi exist and popul ations are kn01,1O to occur in very sheltered 
rock pools but no sequence similar to that in Upogebia has been found. 
In addition it is unknown ,.heter differences in l arval developm ent or 
low salinity tolerance exis t beUleen offshore and estuarine populations. 
The invasion of es tu ar i es by ~.kraussi has unduubtedly been greatly 
assisted by its hyper -osmotic regul"tory abili ty. As sho,1O in Part III 
thi s ability is 'lell- developed in .Q .Rraussi, although it appears that 
tissue tolerance to l ow blood osmotic pressures and low ionic levels 
is not greater than other species since the minimwn blood osmotic 
pressures, sodium and ch l oride levels are similar in S2.kra~.!>si and 
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~.californiensis which is unable to hyper-regulate (Thompson & Pritchard, 
1969). It is interesting to note that C.californiensis is typical of 
the Yaquina Bay area of Oregon and not of the Yaquina River which opens 
into the bay. From the brief review of the habitats of the different 
species given by Thompson & Pritchard (1969) it app£Jrs that, although 
same may be subjected to reductions in salinities at times, this is 
only a temporary situation and, apart from the little known ~.turnerana 
of the Cameroons, which apparently migrates into fresh water, (Monod, 
1927 in Thompson & Pritchard 1969), ~.kraussi is the only species in 
the genus which is known to exist permanently in salinities below 35 0 /00. 
It appears significant that the two thalassinids (Callianassa kraussi 
and Upogebia africana) "ith the best known hyper-regulatory ability should 
both occur in the estuaries of southern and south-eestern Africa. This 
is probably related to the peculiar nature of the majority of southern 
African estuaries. During most of the year salinity gradients are 
slight; much of the tidal section of an estuary, in the case of open 
estuaries, will be exp·osed to a marine salinity regime. Floods, 
however, are a feature of the rivers of the. eastern Cape Province . 
Macnae (1957) discussed the nature of the rainfall in the Swartkops 
river catchment and pOinted out that !lin most years betwe en one third and a 
half of the annual total fell over periods of a few days". These floods 
result in sudden v ery marked decreases in salinities for a few days. 
Species which live pennanently in the river thus require some mechanism 
which would enable them to cope "'ith these conditions which occur in 
both open and closed estuaries. A situation thus prevails which would 
fav our the development of regulatory ability, more so than in estuaries 
in other parts of the ,",orld where a classical type of salinity regime is 
the norm ~ 
I 
J 
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Kinne (1967) roughly separated the methods of coping with reduced 
salinities into escape, reduction of contact, regulation and acclimation 
while stressing that combinations of these were also very likely. 
Anomurans rely on a number of different methods. Escape would usually 
be difficult since the:;; are not · as mobile as fish. Reduction of 
contact would be of greater importance in burrowing forms like 
Call i anas sa. Thompson & Pritchard (1969) maintain that the substrate 
shields f.californiensis against transient low surface salinities. 
Davenport (1972a and 1972b) has shown that the hermit crab Pagurus 
bernhardus, although apparently incapable of osmotic regulation, copes 
with the osmotic inflow of water in lu" salinities by using the 
abdomen as a "swelling reservoir lt • Q.kraussi and Q.africana (Hill, 
1971) are the only known thalassinids which cope with low salinities 
by both regu lation and acclimation. 
Q.kraussi provides an abundant food supply for common estuarine 
fish such as Lithognathus lithognathus and Pomadasys operculare which 
are able to extract th es e prmolns from their burrows. It is possibly 
of far greater significance in an estuary because of its burrowing 
activity. The maze of burrows that is constructed ensures that the 
substrate is oxygenated to depths of over a metre and this presumably 
makes the habitat suitable for other burroHing animals. They use 
detritus buried in the sand and subsequently produce faeces which are 
discharged from the burrow. These are then utilised by surface 
feed ers such as crabs, hennit crabs and [l!Ilphipods, as was found by 
Frankenberg et al (1967) in the case of .'2.majo,E.. Thus they are of 
signifi.cance in making what '''QuId be otherwise inaccessible nutrient, 
available to other species . It is important in this regard to bear in 
mind that the conservation regulations suggested are at present based 
only on the need to ensure continued existence of the popUlations of 
145 
C .kraussi. It must be realized that extens ive collEcting could 
significantly reduce the population density as was found by Hailstone 
& Stephenson (1961) in £.australiensis in Moreton Bay in Queensland. 
The long term effects on an estuary of such a reduction are at present 
completely unknown and this would require studies on a far broader 
scale than the present investigation. 
Thi s s tudy has shown that g.kraussi has been a very successful 
invader of the estuarine environment and i s able to cope with many of 
the stresses normally associated with this habitat. This invasion 
has even extended into the specialized environment of the closed estuary 
where the number of species is invariably lower than in an open estuary_ 
However, one of the main features to emerge from this study was the 
differences that exist bet~een populations of g.krau~si in open and 
closed estuaries, or more accurate l y between populations in areas with 
or without access to the sea . 
The discovery that the maximum size of C .kraussi. in the west 
Kleinemonde estuary, "hile originally less than that of the Swartkops 
estuary, was declining further, led to the question whether or not 
g.kraussi could survive indefinitely in a closed estuary . It is apparent 
that some sort of deterioration occurs although no records have been kept 
of populations of g.kraussi in estuaries isolated from the sea for long 
periods . The problem of the length of time an estuary is isolated from 
the sea arises again with regard to the sizes reached by prawns tn closed 
estuari e s . Carapace lengthS of 10 and 11 mm were recorded in the Kl ein 
and Bot river estuari e s in the south·~we s tern Cape wh e n these estuaries 
were closed. Both estuaries, however,. open every year suggesting that 
periodic connection with the sea is sufficient to obviate the size 
reducing effects associated wi.lh isolation. 
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The effects of isolation from the sea on the faunal diversity of an 
estuary are very marked. Day, Millard & Harrison (1952) recorded 319 
species from Knysna, a clear open estuary, while Scott, Harrison & Macnae 
(1952) list only 134 species from the Klein river estuary near Hermanus 
which is closed for about half the year. In additi.:in many marine 
species die after the bar at· the mouth has closed so that the permanent 
fauna is poorer than this. 
Precise investigations of the reasons for the absence of particular 
species from closed estuaries are virtually non-exis~ent. Similarly 
little is knowll of the less obvious changes occurring in closed estuaries 
following isolation from the sea. Rapid changes such as the loss of 
tidal movements and the salinity stabilizing influence of the sea are 
immediately apparent and will doubtless affect some species, but other 
long term. factors may be more important. The abundance of species such 
as the thalassinid mud prawn QE..o~ia africana, the crab Cleistostoma 
edwards ii and the hermit crab Diogenes brevirostris in open estuaries and 
their rarity in closed systems indicates that these ~estrictions are not 
only acting on C.kraussi. The portunid crab Scy l la serrata and the 
sparid fish Rhabdosargus holubi both enter estuaries as juveniles and 
mature there before migrating back to the sea to breed. In both species 
grovlth continued in the west Kleinemonde estuary aftGr the mouth was 
closed off from the sea by a sand bar although the condition factor of 
,g,.holubi vias inferior to that of fish from the open Kowie river estuary 
(Blaber, 1973). No sexually mature ~ .holubi Here recorded in the 
Kleincmonde estuary and although ovigerous .~oserrata were found in the 
Kleinp..Inonde the larvae did not survive in the estuary and no recruitment 
occurred (Hill pers .connn.). This suggests that breeding is a critical 
period in the maintenance of many species in closed estuaries. It is 
possibly significan t: that Q . afric~~, .9. . ed~Tards i i and D.brevirostris 
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all possess planktonic larvae "hile C.kraussi does not. This may 
confer some advantage in a closed estuary although it does not apply to 
all species. The polychaet Mercierella enigmatica, the bivalve 
Musculus virgiliae , the barnacle Balanus amphitrite and the oyster 
Crassos t reamargaritacea , all of .which have planktonic larvae were able to 
maintain themselves in the east and west Kleinemonde estuaries after they 
were isolated from the sea. 
Although Q.kraussi can apparently survive long isolation from the 
sea, it is nevertheless affected and the species appears thus to be 
ultimately dependent on at least some access to the sea. In this regard 
it is interes ting that Korringa (1956 ) is of the opinion that "the source 
of all fertility in ••• estuaries is to be found in the ocean itself". 
He discusses a. variety of means by which the fertility of an estuary can 
be built up, all dep ending on the influence of the sea. This is 
supported by figures for primary productivity in Langebaan Lagoon given 
by Mostert & Henry (1973). They found that nutrient concentrations 
inside the lagoon were higher than in th e sea while primary productivity 
in the upper part of the l agoon was only 10% of that in parts of the l agoon 
exposed to the sea. The upper parts of the lagoon approach the conditions 
in a closed estuary while the lower parts exposed to the sea would compare 
with an area such as the mouth of the Swartkops river. In this study 
maximum grot..rth and size in .Q.kr~ 1Oo1as invariably found in areas which 
correspond to the are as of maximum productivity found by Mo s tert & 
Henry in Langebaan Lagoon . Future work on Q.kra~~ could profitably 
explore the relationship between sea and estuary dwelling populations 
as "ell as the long tenn effects of complete isolation from the sea. 
148 
SUMMARY 
1. The distribution of Callianassa kraussi in southern Africa extends 
from Lamberts Bay on the west coast to San Martinho in Mocambique. 
This represents a northerly extension of the ~~;ge from the 
previous known limit of Inhaca Island. In this area 59 localities 
were visited and records obtained for an additional 16. Three 
areas were selected for detailed study. These were the west 
Kleinemonde estuary, which is normally closed off from the sea by 
a sand bar and the open Swartkops estuary both on the south-
eastern Cape coast, and the Swartvlei system, which consists 0: 
a lake connected to the sea by a channel which closes intermittently, 
on the southern Cape coast. 
2. The nature of the burrows constructed by ~.krau "si was investigated 
in these areas. Burrovr complexes may have up to nine entrances 
but more cormnonly two to four. Laboratory studies suggest that 
the number of entrances does not exceed the nurn~er of prawns 
present and consequently burrow opening counts will give an 
estimate of population density. Water movement can result in the 
closing off of burrows while strong water and sand movement will 
exclude Q.kraussi from an area. C.kraussi is also excluded from 
- -----
areas which have very coarse substrates. 
3. A three year regular sampling program showed that ~.kraussi breeds 
mainly in winter/spring with a smaller breeding peak in surrrrner. 
Egg development time at 20°C in a salinity of 35 0 /00 i s 30-33 days. 
There are two larval staGes which last 3-5 days. Development 
time of the eggs is tripled at temperatures of 13_15 0 C while 
larva l development time is extended to 9-1Li· ddYS. Development 
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is possibly slightly accelerated at 25 ± 30 e but the number of 
eggs hatching is markedly reduced. Larval development times were 
o 0 
similar to those at 20 e and 35 100. There are no planktonic 
larval stages. Growth was more rapid and greater size was 
attained in the open Swartkops estuary than in the closed 
Kleinemonde estuary. Prawns hatching in winterlspring breed for 
the first time in the following summer at an age of about 16 months 
and then again in the following winterlspring at an age of about 
2 years. Prawns hatching in summer breed in the following 
winter at an age of about 18 months and then again in the 
immediately following summer. Longevity in both sexes is about 
2 years. 
Dispersal is acyomplished by migration of the post-larval 
juvenile phases at an age of 3-5 months. Non-selfmaintaining 
populations exist in areas where sali1!ities are too low to pennit 
breeding. Population densities were found to vary markedly in 
different areas. 
4. Investigations of osmotic and ionic regulation shm"ed that 
Q.kraussi is a strong hyper-regulator and thus distinct from any 
other known species in the genus. Volume regulatory ability is 
well developed and depends on variable rates of urine production. 
Salt loss in dilutions occurs almost equally via the gills and 
the urine. The general responses of .Q.!<raussi to dilutions of 
sea water are discussed. 
5. Various sugg estions for conservation measures based on the 
distribution and iife cycle of .Q.krau5si were made. 
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6. The factors affecting the distribution of g.kraussi are discussed. 
The problem of the larval development in g.kraussi was discussed 
in relation to reviews of larval types of benthic invertebrates. 
The importance of the burrow, the possible route by which 
C.kraussi has invaded estuaries and the differences between open 
and closed estuaries as shown by the effects on g.kraussi were 
discussed. 
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APPENDIX I 
LOCALITY RECORDS FOR E.KRAUSSI IN SOUTHERN AFRICA. 
U.C.T. represents University of Cape Town Zoology Department. 
Lamberts Bay. Estuarine and offshore record. Unpublished U.C.T. 
survey record. 
2) Langebaan Lagoon. A large, shallow, sheltered bay. 
3) Milnerton estuary. Closed estuary, open in winter. 
4) 
5) 
Kommetjie. Small sheltered bay. Unpublished U.C.T. survey records. 
Klaasjagers Lagoon. West coast Cape Peninsula (Barnard, 1950). 
6) False Bay. Offshore. Unpublished U.C.T. survey record. 
7) Other areas iri False Bay: Muizemberg (U.C.T.), Kalk Bay, St. James, 
Strand (Barnard, 1950), Gordon's Bay (Hill,pers.comm.). 
8) 
9) 
Bot River. Closed estuary, opens in winter. 
Klein River, Hermanu s. Closed estuary. 
10) Uilenkraal. Open estuary. 
Heuningnes . Open estuary, rarely closed. 11) 
12) 
13) 
Breede River. Large open estuary. No E.kraussi found. 
Stilbaai. Sheltered lagoon off an open estuary. 
14) Gouritz River. Sheltered open estuary. 
_ 15) Great Brak River. Op en estuary. 
16) Kaaiman's River. Open estuary. 
17) Wilderness lagoon . Opens int ermi ttently. 
Swartvlei estuary. Sampled r egularly . May close at any time. 18 ) 
19) Knysna lagoon. A very large, c l ear, open estuary. 
20) Keurbooms River. Open sheltered estuary. 
21) Groot River. Opens intermittently, very sheltered. 
22) Kramme River. Large open estuary. 
23) Kabeljous River. Large shallow es tuary, usually closed. 
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24) Algoa Bay. Offshore record. 
25) Swartkops River. Sampled regularly, open estuary. 
26) Sundays River. Large open estuary. 
27) Boknes River. Small closed estuary. 
28) Bushmans River. Open es tuary. U.C.T. survey record. Not found 
29) Kasuka. 
during p"resent study. 
Small closed lagoon. 
30) Kowie River, Port Alfred. In lagoons 
31) Riet River. Small closed estuary. 
off the 
32) West K1Ednemonde River . Sampled regularly; 
main 
small 
33) East: "Kleinemonde River. Small closed estuary. 
34) Fish River. , Open estuary. 
" 35) Tatchana. Very small closed stre am. 
36) Mpekweni. Small closed estuary 
37) Begha River. Open estuary, sometimes closes. 
38) Keiskama River. Large open estuary. 
39) Gulu River. Closed estuary. 
40) Bonza Bay. Closed estuary. 
41) Nahoon River. Barnard, 1950. 
42) Gonubie River. Open very sheltered estuary. 
43) Bulugha River. Open very sheltered estuary . 
44) Bashee River. Open estuary. 
45) Mendu Point. Very small, closed stream. 
46) Nenga River, Coffee Bay. Closed shel tered estuary. 
47) Umngazana River. Large open estuary. 
48) Umgazi River. Open sheltered estuary. 
49) Port St. Johns. Two small closed streams . 
50) Mbotyi. Closed es tuary. 
51) Msikaba River. Open estuary. No Q.kraussi found. 
estuary • 
closed estuary. 
52) Mtamvuna River , Port Edward . Open es tuary • No Q.krauss i found. 
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53) Southbroom. Unnamed closed estuary. 
54) Mbizane River, Ramsgate. Small open estuary. 
55) Izotsha River, Shelly Beach. Small closed estuary. 
56) Umtentweni River, Port Shepstone. Open estuary; no E.kraussi found. 
57) Umzumbe River. 
58) Umzimai River. 
Open estuary; no C.kraussi found. 
Sinall 'open estuary. 
59) Umzimbuzi River, Karridene. Small closed estuary. 
60) Umkomaas River. Open estuary. No E.kraussi found. 
61) Umgababa River. Closed es tuary. 
62) 
63 ) 
Durban Bay. A. large very sheltered bay. U.C.T. survey record. 
Umgeni River. Open estuary. U.C.T. survey record. 
64) Zetani River, Tinley Manor. Open sheltered estuary. 
65) Mtunzini River. Pers.comm . B.J. Hill. 
66) Richards Bay. A large sheltered very shallow bay. Millard & 
Harrison (1954). 
67) St.Lucia estuary and lake. An extremely large shallow lake. 
Never r ecorded . 
68) Kosi Bay. A series of inter-connected lakes finally opening to 
the sea. 
69) Inhaca Is 1 and. 
bay. 
70) San Martinho. 
Recorded by Macnae & Kalk (1958) from a sheltered 
A coastal lake joined to the sea by a narrow channel . 
\ 
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APPENDIX 2 
Results of spot samples 1n l ocaliti.es other than the main study areas. Juveniles are expressed as percentage 1n 
the sample ; other categories as percentages of mature femal es. c "'" closed; 0 = open. 
Date 
Feb '72 
Feb '72 
Feb '72 
Feb '72 
Feb 172 
Feb '72 
Feb ' 72 
Feb ' 72 
Aug '71 
Aug.' 71 
April ' 72 
Aug '71 
Nov ' 70 
Dec '70 
July '71 
April 172 " 
Aug '71 
Oct ' 72 
July '72 
Oct '72 
Jan 173 
Oct ' 72 
Jan 173 
July , 72 
July, ol;'} 
July '72 
July '72 
July '72 
July '72 
Jan 171 
Sapt t 70 
Oct '70 
Nov ' 70 
Dec '70 
July '72 
July '72 
May '73 
July t 72 
July ' 72 
July '72 
Percentage 
ovigerous 
6 
10 
20 
21 
66 
10 
8 
11 
6 
4 
6 
19 
6 
36 
19 
22 
3 
Percentage 
Eyed 
10 
20 
14 
5 
3 
9 
3 
3 
3 
6 
22 
J3 
11 
Early ovary 
developme;nt 
Late oV:1ry 
development 
Dropped 
eggs 
Western Cape Province 
50 
46 
53 
33 
62 
45 
61 
52 
50 
40 
18 
70 
20 
19 
66 
50 
30 
33 
36 
11 
46 
15 
50 
33 
61 
20 
42 
19 
48 
19 
61 
65 
4S 
25 
35 
11 
19 
16 
4> 
7 
4 
4 
3 
2 
28 
8 
Southern and Eastern Cape 
40 
5 
21 
28 
35 
30 
11 
6 
27 
14 
27 
6 
6 
62 
20 
65 
11 
19 
21 
46 
l' 
11 
30 
5 
71 
2 
6 
8 
50 
40 
22 
45 
8 
4 
31 
22 
15 
30 
14 
,0 
Juveniles 
(Percentage) 
Noth i ng <5 nun 
42 
11 
11 
48 
12 
14 
24 
2 
10 
? 
? 
10 
4 
13 
4 
9 
59 
30 
23 
20 
4 
14 
>32 
2 
4 
8, 
8< 
Place 
Bo t River ee) 
Great Brak (0) 
Hcuningnes (0) 
Klein River. Hcun8nus (c) 
Langebaan 
Milnerton (c) 
Stilbaai (0) 
Uilenkraal (0) 
Begha (0) 
Fish ( 0) 
Kabeljous 
Kciskama (0) 
Knysna 
Kowie - East lagoon 
Kramnc (0) 
Kromme (0) 
Mpckweni and Tli'-tshana 
Khatyi 
Port St Johns 2nd Beach 
small stream 
Port St Johns 2nd Beach 
small stre<ll1l 
Port St Johns 2nd Beach 
small stream 
Po rt St Johns 2nd Beach 
main stream 
Port St Johns 2nd Beach 
m3in stream 
Umgazi 
Coffee B<lY 
Ncndu Point 
Bulugha 
Bonzo. Bay 
Kid ds Beach 
f .osi BAy (0) 
Tin l ey Nauor 
T:f.n 1 cy Honor 
Tinl £Oy !-Jsnor 
Tin tey ,Manor 
Tinley tlanor 
tlmgabi:lba (e) 
Ur,g ababa (c) 
lJu'L7.imai (0) 
Shelly B~RCh (c) 
R::-.I1!tg3tC (0) 
